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ABSTRACT
The body of revolution had a length to diameter
ratio of 9.5 and was tested with a square tipped and a
round tipped fin. A two component strain gage balance
was used to measure the force and moment on the fins.
Laser doppler velocimetry techniques were used to measure
velocity contours about the body and fin.
Strain gage data was plotted for various angles of
attack and Reynolds numbers ranging up to 5 million based
on the chord length of the fin. These curves were
combined to obtain lift versus angle of attack data for
the two fins. From the laser velocity data, velocity
plots were generated to verify location of vorticies.
Numerical integration of the laser velocity data yielded
circulation values for the velocity contours.
Circulation, forces and theory are compared.
Coefficient of 1 ift versus angle of attack for the
two fins, circulation values at various radii from the
body, circulation values at various spans on the fin, and
comparisons between the methods are presented.
Thesis Supervisor: Justin E. Kerwin
Title: Professor of Naval Architecture
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F 1 ow Visual i z a t i on Mode 1 .
Figure 2. Balance Installation.
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Several types of ocean vehicles that operate -fully
submerged can be modelled as a body o-f revolution with an
attached fin. Placing the model at an angle o-f attack to
a -free stream simulates the -flow about the ocean vehicle
in a turn. At an angle to the free stream, an unappended
body of revolution will develop two symmetric body
vortices on the lee side, similar to those developed by a
cylinder in a cross-flow. When a fin is appended to the
body, a third vortex, shed from the tip of the fin, is
introduced into the flow. Figure 1 depicts the vortex
pattern about the appended model . This third vortex
destroys the symmetry of the unappended body, and greatly
af-fects the maneuvering characteristics of the vehicle.
The motions of undersea vehicles are generally controlled
by lifting surfaces placed near the stern. The -forces
generated by these surfaces are greatly affected by their
incident flow. To accurately predict the maneuvers of a
submerged vehicle, the strength of the vortex system must
be known
.
Direct measurements yielded the strength of the
forces and moments on the fin. Integrating the velocity
data taken on various contours gave circulation values.
The circulation values provided the forces on the body

using the Ku t ta-Joukowsk i thereom. These -forces must be
counter-acted by the aforementioned control surfaces.
This data will aid in improving and validating computer
models which predict -flow patterns about a submerged
vehicle as it maneuvers and aid the designers o-f undersea





This experiment was conducted at the Massachusetts
Institute o-f Technology using the Marine Hydrodynamics
Laboratory's variable pressure water tunnel and two
component Laser Doppler Velocimetry (LDY). A complete
description o-f the test -facility LDV techniques can be





The LOU system is basically the same as described by
Kaplan [5] except the laser and optics were arranged for
two components. The 488.0 nano-meter wavelength blue
beam measured the horizontal component o-f velocity. The
514.5 nano-meter wavelength green beam was used to
measure the vertical component o-f velocity. Due to the
increased complexity o-f the optics, the laser could no
longer be rotated. The laser and optics were mounted on
a computer controlled traverse table system.
To obtain the -forces and moments on the -fin, an
instrumented balance was installed in the model. The
lower -flange o-f the balance was counter-sunk into the
body. The hollowed -fins were bolted to the top -flange o-f
the balance. The balance's strain gage wires were run
out the stern o-f the body, through the sting and out
cableways which were bored in the support device to the
signal conditioner The sting allowed -four discrete
8

angles of yaw: 4 degrees, 9 degrees, 14 degrees, and 20
degrees. Hereafter, the 14 degree angle will be re-ferred
to as 15 degrees to be consistent with Kaplan E53. The
support device allows laser velocity measurements to be
taken on contours which go completely around the model.
The support device is similar to that described by Kaplan
t5] except the diameter of the sting was increased -from
0.688 inches to 1.25 inches. This increase was to reduce
the vibrations experienced by Kaplan at high test speeds.
Vibrations were also reduced by decreasing the mass o-f
the body by boring a 1" diameter cableway. The benefits
of the stiffer model and sting were threefold: 1) more
reliable sampling close to the body, 2) no stalling of
the fin at reasonable Reynolds Numbers and angles of
attack, and 3) no change in angle of attack due to water
velocity. Figure 2 shows a shear plan of the balance
beam installation.
The sting mounted model was a body of revolution
with a length to diameter ratio of 9.5. The maximum
diameter of the model was 2.695 inches. Both fins were
NACA 0022 sections with a chord length of 2.053 inches
and a planform area of 3.42 square inches. The leading
edge was 6.092 inches from the bow. The round tipped fin
had a maximum span of 1.719 inches. The square tipped
fin had a span of 1.666 inches. Appendix 1 contains a




The -force, moments and -free stream velocity were
measured using samp l i ng routines contained in the program
in Appendix 2. The data was sampled over a period o-f 30
seconds. The -forces and moments were measured on the -fin
over a range o-f Reynolds numbers -from 1.0 x 10^ to 4.5 x
10 s based on the -fin's chord length. Data runs were made
both increasing and decreasing water velocity. Data runs
were made at three angles o-f yaw: 4 degrees, ? degrees,
and 15 degrees. Data runs were not made at 20 degrees o-f
yaw because -flow visual ization revealed the -fin was
stalled at all Reynolds numbers at this angle o-f yaw.
Al 1 data runs were done wi th both the square tipped -fin
and the round tipped -fin.
To perform the body velocity measurement contours,
two coordinate systems and a bod- rotation system, as
de -fined in Figures 3 and 4, uiere used. The model
coordinate system <><M|YM ,ZM ) wa <=. -fixed with the rotating
model
,
while the laser coordinate system CXi
,
Yj_ , Z j ) was
fixed in space. The origin -for both coordinate systems
was the point about which the model rotated in the
tunnel. This origin provided a convenient reference for
conducting coordinate transformations. The model
rotation was defined to be zero when Y^ and 2. coincided.
10

The origin was establ i shed using the -focal point o-f the
laser, the cofnputer driven digital traverse, and the
known geometry o-f the model . A procedure similar to
Kaplan's [53, except for the di-f-ferent laser coordinates,
was used. The laser coordinates and -fluid velocity o-f
each point on the contour were calculated using a
coordinate trans-formation and a sampling routine. The
program, contained in Appendix 3, required the radius o-f
the contour, the degree increment o-f rotation, and the
distance -from the bow to be input. The program would
then compute the laser coordinates. The traverse was
positioned using an IBM PC/XT. The vertical component o-f
velocity and -free stream velocity were sampled and
averaged over 20 seconds. The vertical component o-f
velocity gave the tangential component o-f velocity on the
circular body contour. The program then recorded body
coordinates, body rotation, laser velocity, free stream
velocity, and velocity ratio. This procedure was
repeated -for each body velocity c on t ou r . Body v e 1 oc i t y
contours were taken 0.35 inches, 1.0 inches, and 2.2
inches -from the body. All body velocity contours were
taken 12.92 inches -from the bow; the same X^ location as
both coordinate systems' origins. This station location
was chosen to reduce any errors which would be caused by




The fin we loci ty contours were taken using two
coordinate systems: a tin coordinate system (XV \- 7 \
' F ' c F f
and a laser coordinate system (X^jYi ,Zi). Both systems
were -fixed in space, since the body was at a constant 90.
degree rotation. The origin o-f both systems was at the
leading edge o-f the tip o-f the -fin. Rectangular contours
as shown in Figure 6 were taken with the -following insets
-from the tip: 0.2 inches, 0.45 inches, 0.7 inches, and
1.2 inches. The programs *or each o-f the legs are in
Append i x 4 .
All velocity contours were taken with a water
velocity o-f approximately 25 -feet/second. This velocity
equates to a Reynolds number of 5.5 X 106 based on the
length o-f the model
,
or a Reynolds number o-f 4.4 x 10^
based on the chord length o-f the -fin. To insure that a
turbulent boundary layer was present, a trip was placed
around the nose. Relationships presented bv Tan i C61,
were used to determine the location and character o-f the
trip necessary to cause turbulent -flow at the trip. A
strip o-f electric tape 0.125 inches wide and 0.007 inches
thick was placed 0.77 inches a-ft o-f the bow. A trip was
not placed on the -fin, since flow visualization revealed
flow would stay attached through a broader range of





When -force, moment, and velocity measurements were
completed, the -fin 1 i -f t coefficients were
non-dimensional ized on -freestream velocity and -fin
plan-form area. The moment coefficient was
non-d imens i onal i zed on an additional chord length and had
an origin 0.19 inches above the intersection of the fin
and the body. The force and moment data were used to
determine the center of pressure on the fin. The force
data was plotted on a Tektronix 4662 plotter. The
fortran code for the general purpose plotting routine is
i n Append i x 5
.
The body velocity contours were plotted on the same
plotter using the source code in Appendix 6. Simpson's
rule was used to integrate the body velocity contours to
get circulation. The circulation was non-d i mens i onal i zed
on the body's maximum diameter and freestream velocity.
The fin velocity legs, at each inset, were
integrated using trapezoidal integration. The values of
the four legs at each inset were added to get the
circulation value for the contour. To compare
circulation measurements to the force and moment
measurements, a circulation value of 0.0 was assigned to
the tip; 1 inear extrapolation was used to get a
13

circulation value at the root. This extrapolated
circulation distribution was integrated using trapezoidal
integration. Once again the circulation was






The -force, moment, and -freest ream velocity data are
contained in Appendix 7 . The three angles o-f y aw were 4
degrees, ? degrees, and 15 degrees. Since -flow
visualization revealed the -fin was stalled at 20 degrees
o-f yaw, no measurements were taken at 20 degrees.
Comparable runs were made -for both the square tipped and
round tipped -fin. Figures 7-9 contain the plots o-f 1 i -f t
coefficient versus Reynolds number -for the square tipped
fin at the three angles o-f attack. Figures 10-12 contain
the analogous plots -for the round tipped -fin. The square
tipped -fin's 1 i -f t coefficient has an apparent Reynolds
number dependency throughout the range tested. Figure 7
shows the hysteresis o-f stall in the loop between
Reynolds numbers o-f 0.5 X 105 and 2 . X 10 5 . The round
tipped -fin does not have Reynolds number dependency above
a Reynolds number o-f 2.0 X 10-5. This trend was true -for
all three angles o-f yaw. The -force and moment data were
used to calculate the center o-f pressure -for the round
tipped -fin -for the three angles o-f yaw. The center of
pressure resu 1 t s were non -d i mens i on a 1 i z e d on the ch or d
length o-f the -fin and are presented in Table 1. The
center o-f pressure was not calculated -for the square
tipped -fin because o-f its 1 i -f t Reynolds number
15

dependency. The data, tor the round tipped fin wa =
c omb i n e d in F i gur e s 13 and 14 to yield lift v e r su s an g 1 e
of attack data. The slope of the curve in Figure 14 is
0.0 43 over the 1 inear range.
The body velocity contours were taken 12.92 inches
aft of the bow . This station coincides with the origins
of the laser and model coordinate systems. This station
choice minimized any errors due to body positioning or
eccentricity of body rotation. The round tipped fin was
used for all body velocity contours, since it's
coefficient of lift was independent of Reynolds number at
the test speed of 25 feet-second. Appendix 8 contains
the body velocity contour data. The contours were taken
at the following stand-offs from the body: 0.35 inches,
1.0 inches, and 2.2 inches.
The t an ge n t i a 1 v e 1 oc i t i e s are plotted aga i n s t body
rotation in Figures 15-17. A rotation of 0. degrees is
on the port beam; a rotation o + 90. degrees is top dead
center, or aft of the fin. Figure 15 shows the strong
keel vortex described by Kaplan E5]. This vortex causes
a high velocity region between 270. and 330. degrees of
body rotation. Figure 16 shows the velocity peak due to
the fin's tip vortex at a rotation of 70. degrees. This
plot agr e e s with f 1 ow visual i z a t i on s wh ich revealed that
this vortex was connected downstream and slightly towards
16

the body. The influence o -f the keel vortex w a s
considerably weaker as the contours move farther away
from the body, as shown in Figure 19. The fin's tip
vortex was still evident in Figure 17. However the sign
of the velocity had changed, which indicated the contour
had moved to the opposite side of the vortex, the two
contours are combined in Figure 18. This sign change
provides a quick and easy method of locating vortices.
The weaker deck vortex described by Kaplan C5] is not
clearly evident in any of the body velocity contours.
However, a close comparison with Kaplan's [5] vector
plots, revealed that a >^^ry weak deck vortex may have
been at a rotation of 70. degrees in Figure 15. Figure
20 shows the location of the three vortices based on both
the body velocity contours and the vector plots. The
cross indicates the center of the 'vortices and the arrow
their direction. The strength of the deck vortex was
m u c h less- than the keel and tip vortices.
The tangential velocity was integrated using
Simpson's rule to get circulation. The values are
presented in Table 1. The contour with 2.2 inches
stand-off verified Kelvin's thereom to within 3.3 percent
of the maximum values measured. The 0.35 inch stand-off
and 1.0 inch stand-off contours are amazingly close and




The data -for the tin velocity contours are presented
in Appendix ?. The rectangular contours were taken at
-four insets -from the tip: 0.2 inches, 0.45 inches, 0.7
inches, and 1.2 inches. Velocity contours were attempted
closer to the body, but velocity measurements were
inconsistent even after being averaged over 20 seconds.
Using trapezoidal integration, the velocity contours at
each inset were integrated to get circulation. The
circulation values are also presented in Table 1.
Heavier loading was apparent near the root while tip was
more lightly loaded.
Using potential theory C 7]
,
li-fting line the or y, as
presented by Kerwin [8], and Uald's [9,10] methods, the
three dimensional 1 i -f t coefficient can be calculated to
be 0.758. These theoretical lift coefficient
calculations are presented in Ap pe nd i x 10. The lift
coefficient from the force and moment measurements for
this conf i gur at i on was . 538 . Using linear ex t r ap o 1 a t . on
at the root and assigning a zero circulation value at the
tip, yielded a circulation distribution for the fin and a
lift coefficient of 0.552. This calculation revealed a
2.6 percent difference between the direct force and
moment measurements and the integration of the fin
velocity contour measurements. The three lift
coefficients are presented in Table 1. Stall, as seen in
Figure 14 at high angles of attack, may be the reason the
18





[15 Degrees Yaw Angle]
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ROUND TIPPED FIN
































Theoret i cal .758
Direct Force Measurement 0.533
Ci rcul at i on .552
* Non-dimensional ized on chord length, origin at -fin's
root .










The new design sting and quadrant allowed higher
test speeds, reduced vibrations, el iminated the -fin's
stalling at 15 degrees yaw , and precluded measurabl
e
angle o-f attack changes due to de-flections caused by
water velocity. Using an instrumented balance in the
fin, provided direct and reproducible -force and moment
measurements . The method o-f taking body velocity
contours eliminated the problems described by Coney C4]
and Kaplan [5]. Repeated body velocity contours can be
used to reliably locate vortices so that the exact path
of the contour relative to the vortices can be
determined. The velocity contours can be integrated to
get accurate circulation measurements; Kelvin's Thereon
was verified to within experimental error at the o u t e r
contour. The -fin velocity contours were integrated to
provide circulation accurate 1 /. T h a -fin c i r c u 1 a t i o n
values checked within experimental accuracy with the
direct -force measurements, and theoretical calculations
wh ich used li-fting line and potential -fl ow t h e or y
.
The -force and moment measurements revealed a
di-f-ference in Reynolds number dependency -for 1 > -f t between
the two -fin geometries. The di-f-ference could be
attributed to two -factors, either the di-f-ference in -fin
20

geometries or the square tipped -fin's larger gap between
the root and the body, To determine the exact cause, the
square tipped -fin should be re -machined so the two gaps
are the same
.
The body velocity contour method provides a more
direct, and quicker method o-f -finding vortices and
measuring circulation than previous methods. To measure
closer to the body and inside the deck and keel vortices,
the backseat ter or -flare o-f-f the body must be reduced.
Painting the body a -fluorescent color, might prevent this
backseat ter -from passing through the -filters.
The integration of the -fin velocity contours
provided accurate verifiable circulations. Future
measurements need to be taken closer to the tip and root
to verify the extrapolations used to determine the -fin's
circulation distribution. Another viable hypothesis,
which would support the horse shoe vortex theory [53,
would be to extrapolate the root circulation to the body
c i r c u 1 a t i on v a 1 u e ob t a i n e d with the body c on t ou r = .
Had all o-f the data analysis methodology been fully
deve 1 oped and re-fined at the t i me testing, more reveal i ng
measurements could have been conducted. Specifically,
better body and keel vortex mapping, so contours could
verify the vortices' strength and check the horseshoe
vortex theory presented by Kaplan C53 . The methodologies
developed provide the means to relatively quickly resolve
21

and verify successive! v more detailed aspects - + the f i ru,.
around a body o-f revolution with an attached tin a t
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where : r=radius at station x











where: square and round tipped plan-form areas are




F'r. G'3F. h:1 'r f.v i
C FORCF AND MOMENT DEVELOPMENTAL PROGRAM
C
C TAKES INPUT FROM BALANCE BEAM IN MING CHANNELS (FORCE)
C & 1 (MOMENT ) r LASER HORIZONTAL COMPONENT . AND D/P CELL.
C AVERAGES VALUES. PRINTS TO SCREEN. AND WRITES TO A FILE.




C START DATE: 06-N0V-86
C
C RELEASE DATE: 07-JAN-87
C
C








C CREATING OUTPUT FILE
C
TYPE 100





102 FORMATC////' ENTER DESCRIPTIVE DATA ( 70 CHAR.)'//)
ACCEPT 103. ( IDENT(N) .N=l .35)
103 FORMAT (35A2)
CALL DATE(DAY)
CALL ASSIGN(2. FTITLE. 0. ..
)
WRITE' 2. 104) FTITLE. (DAY(M) .M=l .3)
104 FORMAT (2X.'+ + DATA FILEJ'.AIO.' + + DATE : ' . 3A4 )
WRITE (2.105) ( IDENT(N) .N=l .35)
105 FORMAT (1X.35A2)
WRITE (2.106)
106 FORMAT < T4 i
'
VFREE ' » Tl 4 » ' VLASER
'
t T24 . ' REYNLD ' » T35 t
'
RFOF .T45»'CF0R
"~T55. 'RMOM' .T65. 'CMOM' )
WRITE (2.107)
107 FORMAT ( TZf ' (FT/SEC >'» T13t ' (FT/SEC )'» T35 . ( LB ) ' . T54 t ' i INLB ) '
)
C






DATA C ICHOR/2. 053/
RH0=1 . 95 7 4 -0.00028* TNTMP
210 PAUSE , T' C E RETURN TO SAMFLE ZERO VALUES










310 FORMAT ('ARE THESE VALUES ACCEPT ABLE 7 < YES = 1 N0 = 0) >
ACCEPT *,IYORN
320 FORMAT (A2)
IF ( IYORN.EQ.O) GO TO 210
TYPE 321
321 FORMAT (//' THERE SHOULD BE NO FLUID SPEED FOR DP CELL CAL . ' /
)









C0NLAS-(3.28084/VMULT>*(XLAMBDA/< 2 . 0*S I N ( XKAPA ) )
)
322 TYPE 323
323 FORMAT (//»' DO YOU WANT TO EXIT(O) OR SAMPLE (1)''/)
ACCEPT *»IGO
IF (IGO.EQ.O) GO TO 425
325 PAUSE 'TYPE A CARRIAGE RETURN TO START SAMPLING'
TYPE 330
330 FORMAT (//' SAMPLING...'//)
C






RM0M=', VMQM-ZM0M)*4. 7 3785
TYPE 400fRF0R.F.M0M






IF (CCOEF.LE.O) GO TO 401
GC r 4 04
401 TYPE 402
402 FORMAT (//" ATTEMPT TO DIVIDE Pi 0. MOKE VEL. )





TYPE 406» VFREE» VLASER »REYNLD» RFOR t CLIFT fRMOM » CMOM
TYPE 405
405 FORMAT (//' RECORD DATA' (YES=1 N0=0)')
ACCEFT *.IR
IF ' IP .EQ.O) GO TO 409
liJp:TE(2»406)VFRE'E . VLASER >REYNLD»RFOF CL I FT , RMOM . l - -
406 .TsFflAT • : 4 • F7 . ~ • I 1 4 • " . 2« 7 ." ; F ? . 1 r T 2 5 , F 5 . 1' • ' ? •' • r - . 7 • :.-"!...»
r 6 3 . F 9 . 3 '
409 TrFE 410
li-j fORMAT .. WOULD YOU LIKE ANOTHER -OINT v (YES: 1 N
ACCEF T *,IYON
420 F OF MAT (A2)
45

IF ', IYON.EQ. 1) bG Tu 325
425 TYPE 426
426 FORMAT (//' ARE YOU SURE YOU WANT TO GUIT ? (YES=0 NO=l)'/)
ACCEPT *iION
IF (ION.EQ.l) GO TO 325
ST0P=999.99
WRITE (2.406) STOP » STOP » STOP » STOP t STOP » STOP t STOP
WRITE (2.406) STOP » STOP . STOP » STOP » STOP » STOP » STOP
TYPE 501.FTITLE





DIMENSION IDVAL(401 ) .DUAL (401 )
ZF0R=0.0
ZMOM=0.0
CALL ADFASTCOi 1 . 200. . 1 . I DUAL . DUAL . 200 . IER)




2M0M=2M0M+DUAL< 1 + 1 )
IND=IND+1












FORMAT (/"INPUT ROOM TEMP (F)'/)
ACCEPT *.RMTMP
TYPE 4
FOPMAT</' INPUT TUNNEL TEMP <F)'/)
ACCEPT *.TNTMP
TYPE 6














call adfast (0.11. 400 . • 1 . idual . dual
IF (IER.EG.lv GO TO 200
DO 10 1=1.2389.12




DPVLT=DF'VLT+DVAL< 1 + 10)



















C PROGRAM USES PODROT TO DETERMINE POINTS ON A CIRCULAR
C CICULATION PATH AROUND BODY U/ FIN









DIMENSION DAY(3) ? I DENT (35) » TYLAS( 128)




900 FORMAT(/' ***CIRCULAR PATH LASER VELOCITY PROGRAM***'//




902 FORMAT (//'INPUT ID HEADER (up to 70 characters)')
ACCEPT 903. ( IDENT(N) .N=l .35)
903 FORMAT (35A2)
CALL DATE (DAY)
CALL ASSIGN(2.FTITLE»0. . . )
WRITE (2.904) FTITLE t ( DAY < M) »M=1 » 3
)
904 FORMAT (2X.'DATA FILEt'.AlO.' DATE:'.3A4)




906 FORMAT (//' INPUT WATER TEMPERATURE :' f 2X .*
>
ACCEPT *.TTUN
















.E OF MODEL (DEG) I ' »2X»$)
MODEL. (FROM B0U):'f2X.$)
INCREMENTS IN WHICH MODEL WILL BE
AT WHICH MEASUREMENTS WILL BE MADE
1..3X,'XM FROM B0W-'.F5.2)
800 FORMAT ( ' INPUT YAW AN
801 FORMAT ( ' INF'UT XM OF
802 FORMAT ( ' INPUT DEGREE
" ROTATED! : ' 1 2 X f * )
803 FORMAT < ' INPUT RADIUS
IN--360, /DEG
WRITE ( 2.80 4) QA.XMI















HO 500 JR=Oi IN
RA~-JR*DEG








FORMAT (' RECORD THIS DATA -? ( N - . f - 1 )
ACCEPT *,IRCD
IF CIRCD.EQ.O) GO TO 450




02 FORMAT (3(F8 . 4.2X) ,F6. 1 »2X.2(F7.3»2X) .F8.4)
TYPE *i i
'
TYPE 7 IF YOU WANT TO QUIT. TO CONTINUE'
ACCEPT *. 10
IF (10, . E G . 7 ) GO TO 501









C DETERMINES POINTS ON A POSITIVE HORIZONTAL
C CIRCULATION LEG AROUND FIN









DIMENSION DAY<3) . I DENT ( 35 ) . TVL AS ( 1 28
)




900 FORMATC/' ***FIN CONTOUR LASER VELOCITY PROGRAM***'//




902 FORMAT (//'INPUT ID HEADER (up to 70 characters)')
ACCEPT 903. (IDENT(N) »N=1»35)
903 FORMAT (35A2)
CALL DATE (DAY)
CALL ASSIGN(2.FTITLE.0. . . >
WRITE (2.904) FT I TLE . ( DAY ( M ) , M= 1 . 3
)
904 FORMAT (2X.'DATA FILEI'.AIO.' DATE:'.3A4)




906 FORMAT (//' INPUT WATER TEMPERATURE I'. 2X . $ )
ACCEPT *.TTUN




805 FORMAT ( //3X » ' XS ' . 1 OX . ' YS ' » 7X . ' ZS ' » ' VLASER
VFREE RATIO' )
TYPE*. 'ZERO LASER ON LEADING EDGE OF SAIL'
.
TYPE*, ' INPUT DISTANCE TOWARD ROOT FROM TIP WHERE CONTOUR















401 FORMAT (' XL= ' » F6 . 2 . 2X , ' YL- ' . F6 . 2 . 2X . ' ZL= ' » F6 . 2
)
450 CALL LASSUB (VLASER.VF REE)









FORMAT (' VERTICAL VELOCITY-"
"F7.3f 2Xr 'VRATIO=' >F7.4)
TYF'E 701
FORMAT (' RECORD THIS DATA?<N=0 » Y=l
)
ACCEPT *>IRCH
IF (IRCD.EO.O) GO TO 450
WRITE (2.702) XS » YS . ZS , VLASER , VFREE » VRAT 10
FORMAT (3(F8.4>2X),2X»2(F7.3>2X),F8.4)






























DETERMINES POINTS ON A NEGATIVE HORIZONTAL
CIRCULATION LEG AROUND FIN
LASSUB GETS VERTICAL VELOCITY PROM LASER AND CHANNEL D








































































3) . I DENT (35) . TVLAS< 128)
025) .DVAL< 1025) .ZERO. FULL
RHO.CONLAS
ON FTITLE
IN CONTOUR LASER VELOCITY PROGRAM***'//
OUTPUT FILE' .2X,$)
TLE
UT ID HEADER (up to 70 characters)')
DENT(N) .N=1.35>
FTI FLE.O. . . )
FTITLE. (DAY(M) , M-l ,3)
TA FILEI'.AIO.' DATE:'.3A4)
( IDENT(N) .N=l .35)
2)
PUT WATER TEMPERATURE: ' .2X.« )
0028*TTUN
9
XS' . 10X. ' YS' .7X, 'ZS' . ' VLASER
10' )
SER ON LEADING EDGE OF SAIL'
ISTANCE TOWARD ROOT FROM TIP WHERE CON ! OUR














2 ..""-- . 1*JR
=XS*25.4
E 400.XS.YS.ZS





MAT (' XL-" ' .F6.2.2X. ' YL= ' .F6.2.2X. ' ZL=' .F6.2)













TYPE 700 t VL ASER t VFREE » VRAT I









FORMAT (' RECORD THIS DATA? ( N -0 f Y=l ) '.$)
ACCEPT *,IRCD
IF (IRCD.EQ.0) GO TO 450
WRITE (2.702) XS t YS f ZS
.
VLASERf VFREE t VRATIO
FORMAT <3(F8.4.2X)»2X.2(F7.3.2X).F-8.4)
TYPE *f'TYPE 7 IF YOU WANT TO QUIT. 10 CONTINUE'
ACCEPT *.IQ
IF ( 10. EQ. 7) GO TO 501






C DETERMINES POINTS ON A POSITIVE HORIZONTAL
C CIRCULATION LEG AROUND FIN
C LASSUB GETS VERTICAL VELOCITY FROM LASER AND CHANNEL D
C
C
C SUBROUTINES :mHLLIB»DF'CAL» BELL* LASSUB
C




DIMENSION DAY( 3) . IDENT ( 35 ) .TVLAS< 128)




900 FORMAT*/' ***FIN CONTOUR LASER VELOCITY PROGRAM***'//




902 FORMAT (//'INPUT ID HEADER (up to 70 characters)')
ACCEPT 903. (IDENT(N) »N=1»35)
903 FORMAT (35A2)
CALL DATE (DAY)
CALL ASSIGN(2»FTITLE»0> t t )
WRITE (2.904) FT ITLE t ( DAY ( M) t M~l » 3
)
904 FORMAT (2X.'DATA FILEI'.AIO.' DATE:'.3A4)




906 FORMAT ( // ' INPUT WATER TEMPERATURE i't 2X »*
)
ACCEPT *,TTUN




805 FORMAT ( //3X , ' XS ' . 1 OX , " YS ' . 7X . ' ZS ' . ' VLASER
VFREE RATIO')
TYPE*. 'ZERO LASER ON LEADING EDGE OF SAIL'
TYPE*. ' INPUT DISTANCE TOWARD ROOT FROM TIF' WHERE CONTOUR






YS = JR* . 1 - . 45
YSL=YS*25.4
TYPE 400'XS»Y3.ZS
400 FORMAT ( XS ' » F6
. 2 » 2X » ' YS=
'










401 FORMAT (' XL - ' >F6 .
2
t 2X t ' YL= t F6 .
2
t 2X » ' ZL= ' »F6 . 2











T fPE 700 i VLASER . VF REE? VRA r 3
FORMAT (' VERTICAL VELOCITY^
'
t F7 . 3
i
T7.3f2Xi 'VRATIO= ' ,F7.4)
TYRE 701
FORMAT (' RECORD THIS DATA? < N=0 t Y=l
)
ACCERT *fIRCD
IF (IRCD.EQ.O) GO TO 450
WRITE (2.702) XS r YS t ZS » VL.ASER » VFREE >VRATIO
(3<F8.4»2X) f2X»2(F7.3>2X> >F8.4)































DETERMINES POINTS ON A POSITIVE HORIZONTAL
CIRCULATION LEG AROUND FIN























































3) , I DENT (35) , TVLAS( 128)
025) , DVAL( 1025) , ZERO, FULL
RHO,CONLAS
ON FTITLE
IN CONTOUR LASER VELOCITY PROGRAM***'//
OUTPUT FILE' ,2X,$)
TLE
UT ID HEADER (up to 70 characters)')
DENT(N) ,N=1f35)
FTITLE, 0, , t )
FTI FLE , ( DAY(M) rM=l>3)
TA FILE*. ' > A10, ' DATE:',3A4)
( IDENT(N) >N = 1 f 35)
2)




SER ON LEADING EDGE OF SAIL'
ISTANCE TOWARD ROUT FROM TIP WHERE CONTOUR
























3»2X» 'VF REE = ' >
TYPE 700rVLASER>VFREE>VRATI0
FORMAT (' VERTICAL VEL0C1TY='»
"F7.3i2Xi 'VRATIO= ' »F7.4)
TYPE 701
FORMAT (' RECORD THIS DATA 7 ( N=0 ? Y=
ACCEPr *.IRCD
IF (IRCD.EQ.O) GO TO 450
WRITE (2.702) XS » YS » ZS » UL ASER r VFREE » VRA T 10
FORMAT (3<F8.4»2X) »2X»2<F7.3»2X) iF8.4)

















C Graphs Z coordinate and Velocity Ratio from LASUEL
C Reads everything so ch.ensles would be smir-le
DIMENSION vFREE<200) » VLASER ( 200 ) » RE YNLD ( 200 ) »RF0R(200) ,
1 CLIFK200) »RM0M<200) rCM0M<200)
DOUBLE PRECISION FTITLE
1 TYPE 100
100 FORMAK//' INPUT NAME OF FILE TO BE PLOTTED '» 2X t% )
ACCEPT i 10 » FTITLE
110 F0RMAKA10)
CALL ASS [GN(2»F TlTLErO.OLDr r >
READ(2f 160)
160 FORMAK////)
DO 2. I =--1.200
K'EAD<2»*> VFREE< I ) j vLA5ER< I ) .REYNLIK I ) i
1 RF0R( I
>




REYNLLK I ) -REYNLIK I )/100000.0
CLIFT< I ) =CLIFT< I )*-l .0
TYPE DC i VFREE< I ) , REYNLIK I ) ,CLIFT( I )




130 FORMAK//' PLOT ON TOF OF PREVIOUS GRAPH' Y=l»N=0'i«)
ACCEFT *.INEU










150 FORMAK//' ANOTHER FILE 7 Y=1»N=0'»$)
ACCEFT *,IGO








C Graj-hs Z coordinate <3nd Velocity R^'.io from LAS V EL
C Reads everything so changes would be simple
DIMENSION XMI(200),YM( 200) , ZM ( 200 ) »RA < 200)
i
1 VLASERC200) , VFREE(200) , VRATI0C200)
DOUBLE PRECISION FTITLE
1 TYPE 100





READ'. 2 r 160)
160 FORMATC///)
DO 2, 1=1,200
READC2,*) XMI ( I ) , YMc I ) ,ZM( I ) ,
1 RA(I) ,VLASER< I ) «VFREE' I ) 'VRATIOC I )





TYPE *, RA( I ) .VRATIOC I
)




130 FORMAT(//' PLOT ON TOF OF PREVIOUS GRAPH"'' Y = 1»N=0'»«)
ACCEPT *,INEU




140 FORMATC//' MODE= ? '.*)
ACCEPT t.MODE
CALL GRAPHAC RA, VRAT IO,NF , NEW, MODE 1
CALL CL0SE(2)
TYPE 150
150 FORMATC//' ANOTHER ^ILE 7 Y=--1,N «$^
ACCEPT *,IGO







++DATA FILE! 4UP1 + + DA TE : 22- JAN-87













































































































































































































++DATA FILE! 4DN1 + UiATE:22-JAN-e7
FIRST RUN DOWN AT 4 DGREES WITH SQUARE SAIL
VFREE VLASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LB) ( INLB)
0.07 0.30 1133 ,0 0.00 36.543 0.00 26.684
26. 93 - 27.64 461517,,0 -2. 35 -0. 137 -1 .92 -0.652
24.90 25.61 426730,.8 -1 .98 -0. 135 -1 .64 -0.653
23.68 24.23 405847,,4 -1 .80 -0. 135 -1 .49 -0.655
23.03 23.39 394718,,3 -1 .65 -0. 131 -1 .38 -0.639
22.37 22.88 383374,,6 -1 .58 -0. 133 -1 .31 -0.644
21.22 21 .70 363613, , 7 -1 .39 -0. 130 -1.15 -0.632
20. 12 20.8 2 344887, , 1 -1 .28 -0. 133 -1 .06 -0.642
19.58 20.55 335633,,6 -1.21 -0.133 -1 .00 -0.643
19.03 19.98 326059, ~> -1.15 -0. 134 -0.95 -0.644
17.44 17.75 298856,,3 -0.98 -0. 136 -0.80 -0.649
16.86 17.07 288889,.8 -0.93 -0. 1 ^8 -0.7& -0.651!
15.27 15.75 261612 1 -0.7 7 -0. 13S -0.61 -0.644
13. SI 14.15 236652,,6 -0.65 -0.144 -0.50 -0.651
13.36 13.71 229029, , 7 -0.61 -0.143 -0.46 -0.640
12.44 12.67 213264 , 7 -0.54 -0.147 -0.41 -0.649
60

9.36 9.61 1604S8.5 -0.32 -0. i 1 55 -0 .23 -0.636
8.50 8.96 145622.0 -0.26 -0,
, 150 -0 , 18 -0.625
8.01 8. 10 137330.
1
-0.23
-o, . 149 -0
. 16 -0.628
6.96 7.21 1 19217.5 -0. 16 -0. 140 -0,
. 12 -0.587
4.97 5.17 85140.1 -0.08 -0. 129 -0,.06 -0.584
2.33 2.39 39912.6 -0.01 -0, 1 12 -0,.01 -0.643
0.44 3.62 7466.9 0.02 4 . 748 0, 00 3.610
++DATA FILE: 9UP1 4+date: 22-JAN-87
FIRST RUN UP AT 9 DEGREES
UFREE VLASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) <LEO (INLEO
0. 19 1 . 72 3283.9 0.00 5.017 -0.00 -2.772
3.53 -5.17 60508.2 -0. 11 -0.366 -0.08 -1 .506
4 .29 3.98 73453.5 -0. 16 -0.375 -0.11 -1 .541
5.99 4 .02 102581 .4 -0.31 -0.368 -0.23 — 1 .558
7.03 3.94 120560.8 -0.41 -0.352 -0.31 -1 .554
8.17 3.97 139936.3 -0.54 -0.343 -0.43 -1 .576
8.81 3.88 150914.7 -0.63 -0.341 -0.51 -1 .604
10.40 10.39 178228.2 -0.83 -0.323 -0.71 -1 .615
11 .60 11 .75 198722.4 -1.00 -0.312 -0.87 -1 .599
12.64 12.78 216614 .3 -1 . 19 -0.313 -1 .04 -1 .607
14.21 14.47 243608. 1 -1 .53 -0.320 -1 .33 -1 .621
15.26 15.53 261496.
1
-1 .77 -0.320 -1 .52 -1 .604
16.32 16.61 279650.2 -2.03 -0.320 -1 .72 -1 .594
17.34 17.66 297230.0 -2.34 -0. 328 -1 .95 -1 .596
18.47 18.78 316597.0 -2.73 -0.337 -2.21 -1 .597
19.63 19.94 336398.7 -3. 10 -0.339 -2.47 -1 .578
20.83 21 .09 356917.5 -3.58 -0.348 -2.79 -1 .586
21 .54 21 .92 3691 16.6 -3.86 -0.350 -2.99 -1 .585
23.01 23.31 394348.2 -4.34 -0.346 -3.35 - 1 . 556
24.36 24.60 417405.4 -5.06 -0.359 -3.82 -1 .584
25.06 25.37 4 294 25.7 -5.38 -0.361 -4.02 -1 .575
25.98 26.29 445202. 4 -5.69 -0. 355 -4.24 -1 .546
25.98 26.27 445152.0 -5.71 -0.356 -4.27 -1 .557
26.82 27. 11 459557. -6. 17 -0.361 -4.58 -1 .568
0.44 -5.39 7604.6 0.08 17.755 -0.00 -3.703
999.99 999.0 999.99 99.99 999.99 99.99 999.99
9?+?8ta FILE: 9DN1 + + DATE*. 22-JAN-87
FIRST RUN DCUN AT 9 DEGREES FZERO-2.0 ZM0 =a .0
VFREE VLASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LB) ( INLEO
0.29 -3.24 4996.
3
0.00 0.264 -0.00 -1 .373
25.97 26.43 445072.4 -5.56 -0.349 -4.22 -1 .541
24.01 2 4.35 411482.6 -<».70 -0. 343 -3.62 -1 .545
22.65 22.97 388133.3 -4. 14 -0.340 -3.23 -1 .551
20.86 21 .21 357438.3 -3.43 -0.332 -2.75 -1 .554
19.28 19.65 330466.3 -2.87 -0. 325 -2.35 -1 .558
17.63 17.84 302060.6 -2.33 -0.315 -1 .98 -1.570
15.96 16.21 273512. -1 .85 -0. 306 -1 .63 -1 .577
14.86 15.14 254612.7 -1 .61 -0. 306 -1 .43 -1 .591
13.36 13.56 229023 . 3 -1 .29 -0.304 -1 . 16 -1 .596
12.05 12.13 206471 .9 -1 .06 -0.307 -0.95 -1 .613
10.86 10.98 186138. 1 -0.89 -0.314 -0.78 -1 .628
9.07 9.31 155410.2 -0.64 -0.325 -0.54 -1 .622
7. 12 7.17 122031 .0 -0.43 -0. 355 -0.33 -1 .599
3.97 3.92 67984.5 -0. 16 -0.433 -0. 10 -1 .560
2.34 2 . 26 40151 .5 -0. 06 -0. 453 -0.03 -1 .291




++UATA KILE: SIS15 ++DATE! 20-JAN-87
FIRSY
VFREE VLASER REYNLEi RFOR CF0R RMOM CMOM
(FT/SEC) (FT/SEC) (LEO ( INLEO
4. 15 4.31 71049.2 -0. 12 -0 .292 -0.08 -1
. 155
6.01 5.93 102985.0 -0.25 -0.293 -0. 18 -1 .206
7.49 7.71 128431 .
1
-0.41 -0.304 -0.29 -1 .288
9.38 9.55 160675.
3
-0.68 -0.325 -0.50 -1 .393
12.33 12.55 211278.0 -1 .80 -0.500 -1 .50 -2.432
14.83 15.01 254109 .6 -2.51 -0.481 -2. 23 -2.495
17.02 17.19 291645.5 -3.21 -0.467 -2.95 -2.511
19.84 20 .02 339940.2 -4.38 -0. 469 -3.98 -2.493
21 .65 21 .93 371056.1 -5.41 -0.486 -4.75 -2.495
23.87 23.92 4091 14.5 -6.70 -0.495 -5.74 -2.478
26. 13 26.21 447815.4 -8.17 -0.504 -6.82 -2.461
27.02 27.25 462960.5 -8.89 -0.513 -7.33 -2.472
26.90 27.01 460947.8 -8. 75 -0.510 -7.23 -2.460
26.90 27.04 460981 .6 -8.79 -0.512 -7.25 -2.469
26.89 27. 12 460830.3 -8.78 -0.511 -7.24 -2.464
26.88 27.15 460623.0 -8.73 -0.509 -7. 19 -2.449
25.43 25.64 435856.4 -7.74 -0.504 -6.50 -2.473
23.65 23.85 405327.5 -6.53 -0.492 -5.62 -2.474
22.35 22.65 383094.6 -5.79 -0. 488 -5.07 -2.497
21 .04 21 .28 360499.9 -5.04 -0. 480 -4.50 -2.506
19.54 19.82 334808.8 -4.23 -0.467 -3.89 -2.508
17.73 17.94 303831 .4 -3.42 -0.459 -3.24 -2.540
16.17 16.20 277185.0 -2.84 -0. 457 -2.68 -2.525
14.46 14.53 247^70.5 -2.31 -0.466 — 2 . 1 2 -2.500
12.91 13.11 221173.6 -1 .90 -0.481 -1 .68 -2.490
11.14 11 .27 190968.7 -1.50 -0.508 -1 .24 -2.468
9.74 9.80 166865.0 -1 . 19 -0.529 -0.92 -2.398
7.91 8.07 135578.5 -0.83 -0.557 -0.60 -2.342
6.41 6.51 109789. 1 -0.57 -0.583 -0.38 -2.306
4.60 4.84 78785.0 -0.34 -0.670 -0. 19 -2.256
2.67 2.85 457e5. -0. 12 -0.696 -0.02 -0.825
4.80 5.01 82206 .
7
-0.23 -0.413 -0.11 -1
. 169
6.46 6.65 110790.0 -0.36 -0. 36 7 -0 . 22 -1 .274
8.33 8.51 142721 .7 -0 . c 3 -0.563 -0.65 -2.319
9.83 9.93 168399.3 -1 .23 -0.535 -0.93 -2.363
11 . 48 11 .62 196660.2 -1 .57 -0.503 -1 .28 -2.402
12.96 13. 13 222049.
1
-1.97 -0.493 -1 .69 -2.485
14.47 14.68 248060.4 -I^O -0.479 _ 1 , 1 "> -2.496
16.03 16.27 274769. -2.88 -0. 471 -2.63 -2.520
17.70 17.92 303296.9 -3.44 -0. 463 -3.20 -2.516
19.45 19.67 333266.7 -4.26 -0.474 -3.85 -2.505
20.80 20.78 356390.3 -4 . "6 -0.484 -4.38 -2.497
22.61 oo ^ n<p 387404.3 -5.96 -0. 492 -5. 14 -2.477
24.04 24. 18 41 1911.2 -6.79 -0.495 -5.79 -2.470
26.20 26.39 448927.6 -8.23 -0 . 505 -6.86 -2.462
27.01 27. 15 462944.7 -8.89 -0.513 -7.30 -2.464
27.02 27.32 462980.5 -8.90 -0.514 -7.31 -2.465
27.01 27.26 462947 . 7 -8.92 -0.515 -7. 31 -2.465




++DATA FILE: 2SIS15 ++date: 21-JAN-87
SECOND RUN AT 15 TRYING TO FIND HYSTERISIS LOOF
VFREE VLASER REYNLD RFOR CFOR RMOrt CMOM
(FT/SEC) (FT/SEC) (LB) ( INLD)
3.55 3.43 60862.0 -0.07 -0.247 -0.05 -1 .013
3.61 3.61 61891 .3 -0.08 -0.259 -0.06 -1 .068
4.32 4.34 74081 .2 -0.11 -0.259 -0.08 -1 .096
4.93 4.96 8451 1 .0 -0. 16 -0.273 -0. 11 -1 . 161
5.70 5.67 97671 . 1 -0.40 -0.525 -0.30 -2.247
6.26 6.32 107229.9 -0.49 -0.529 -0.36 -2.273
6.95 7.04 119023.2 -0.61 -0.530 -0.45 -2.289
7 . 55 7.73 129374.5 -0.72 -0.530 -0.53 -2.307
8.21 8.51 140637.2 -0.84 -0.526 -0.63 -2.313
8.81 9. 14 150936.5 -0.96 -0.522 -0.74 -2.342
9.67 9.63 165710.0 -1.15 -0.517 -0.90 -2.372
11 .45 11 .57 196220.2 -1 .56 -0.503 -1 .30 -2.444
12.87 13.03 220569.0 -1 .93 -0.491 -1 .67 -2.479
15. 10 15.23 258716.6 -2.56 -0.474 -2.32 -2.510
17.29 17.53 296274. 1 -3.28 -0.462 -3.09 -2.542
19.54 19.82 334786.4 -4.30 -0. 475 -3.93 -2.534
21 .75 21 .96 372718.9 -5.49 -0. 489 -4.80 -2.500
21 .73 21 .96 372461 .9 -5.49 -0. 490 -4.80 -2.500
23.62 23.91 404868.7 -6.74 -0.509 -5.64 -2.490
26.53 26.80 454682.
2
-8. 76 -0.524 -7.07 -2.473
24.76 25.01 424250.2 -7.52 -0.517 -6. 18 -2.482
22.03 22.32 377594.4 -5.72 -0.496 -4.89 -2.480
20.46 20.70 350647.3 -4.84 -0.487 -4.23 -2.487
18.82 19.00 322458. 2 -4.00 -0.476 -3.60 -2.505
16.70 16.88 286133.6 -3.05 -0.460 -2.85 -2.517
14.61 14.82 250382.0 -2.34 -0. 463 -2. 17 -2.498
12.77 12.98 218882.5 -1 .84 -0. 475 -1 .62 -2.4 49
12.21 12.30 209214 .2 -1 .69 -0. 479 -1 .47 -2.431
11 .46 11 .56 19t468.5 -1 .52 -0.489 -1 .28' -2.399
10.93 11 .03 187254. 4 -1 .41 -0. 496 -1 . 15 -2.382
10.37 10.38 1 77639.5 -1 .28 -0.50 4 -1.04 -2.3^3
9.58 9.63 164257.0 -1.10 -0. '1 - . -2.316
9.09 9.28 155703.5 -0.98 -0.501 -0.76 -2.277
8.39 S. 71 143858. 1 -0.87 -0.517 -0.6! -2. 269
7.75 7.88 1328ei .6 -0.77 -0.536 -0.54 -2.214
7. 17 7.26 122"26.o -0.67 -0.546 -0.45 -2. 143
6.44 6. 48 110399.5 -0 .55 -0.563 -0.35 -2.052
5.69 5 . 7
1
97445.6 -0. 45 -0.588 -0.26 -1 .95"?
5 .22 5 . 29 89416.2 -0.40 -0.614 -0.21 -1 .893
4.44 4.48 76026.8 -0.31 -0.674 -0.14 -1 .707
3.80 3.82 65070. -0.25 -0. 732 -o.os -1 .383
3.38 3.3^ 57929.3 -0.21 -0. 737 -0.05 -1 . 133
2.73 2. 74 4677 3.
6
-0. 16 -0.928 -0.01 -0.491




++DATA FILE? 3SIS15 ++uate:2 l-JAN-87
STARTING AT 13 FT/SEC DECREASING Ft FORE ZERO SHIFTS
VFREE VLASER REYNLD RF OR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LB) ( INLEO
12.86 13.00 220469 .
4
-1 .80 -0. 457 -1 .67 -2.486
12.21 12.41 209292.
2
-1 .64 -0. 464 -1 .52 -2.504
11 .48 11.64 196686.
1
-1 .46 -0.466 -1 .32 -2.476
10.89 10.94 186622.7 -1 .34 -0.475 -1 .20 -2.492
10.25 10.31 175674.7 -1 . 19 -0.475 -1 .06 -2.475
9.59 9.58 164307. 3 -1 .03 -0. 473 -0.91 -2.439
9.01 9.24 15433 7.0 -0.90 -0.467 -0.30 -2.421
8.43 8.79 14 4 4 2 2.8 -0.80 -0. 4 76 -0.70 -2.415
7.61 7. 78 130478.5 -0.68 -0.491 -0.56 -2.363
7.06 7. 16 120958.5 -0.59 -0.503 -0. 47 -2.341
6.40 6.19 109656.9 -0.50 -0.512 -0.39 -2.319
5. 74 5. 79 98396.8 -0.41 -0.523 -0.30 -2.278
5.23 5.26 89639.3 -0.34 -0.523 -0.25 _ ~> T»Q
4.38 4.34 75132.7 -0.25 -0.540 -0. 17 -2. 162
3.71 3.71 63564.8 -0. 17 -0.533 -0.11 -2.047
3.33 3.33 57010.2 -0.14 -0.549 -0.09 -1 .998
2.62 2.64 44861 .8 -0.09 -0 . 550 -0.05 -1 .715
1 .70 1 .65 29157.4 -0.03 -0.495 -0.00 -0.106
1 .48 1 .41 25362.9 -0.03 -0. 493 0.00 0. 193
0.63 0.26 10 714.4 -0.01 -1 .584 0.01 3.619
1 . 10 0.84 18840.4 -0.02 -0.562 0.00 0.760
2.04 2.05 35007.0 -0.03 -0.315 -0.01 -0.524
2.44 2.53 41774. 1 -0.04 -0.263 -0.02 -0.646
2.87 2.95 49248.6 -0.05 -0.264 -0.02 -0.740
2.87 2.90 49212.9 -0.05 -0.273 -0.03 -0.776
3 » 55 3.64 608 7 7.3 -0.08 -0.269 -0.05 -0.923
3.81 3.92 65272.3 -0.09 -0.275 -0.06 -0.996
4.45 4.58 76184. 1 -0. 12 -0.266 -0.08 -1 .006
5.19 5.32 88984. 2 -0. 19 -0. 290 -0. 13 -1 . 156
5.80 5.90 99364 .
9
-0.25 -0.308 -0. 17 -1 .262
ft .58 6 . 62 ! ' • . ? -0.53 -0 .519 - r, t i n -2.264
7.23 7. 38 123941 .2 -0.63 - -j . 50 6 -0 . 49 -2.286
7.69 7.87 131831 .2 -0.70 -0.497 -0.56 -2.325
8.37 8 . 64 1 4 2 4 ft 3 . 9 -0.80 -0. 481 -0.67 -2.365
9.05 9.29 155140.4 -0.93 -0.480 -0.80 -2.409
9.51 9.58 162943.7 -1 .02 -0. 474 -0.88 -2.408
10.47 10.58 179478.8 - 1 . "> '> -0.468 -1 .08 -2.419
10.89 11.04 186671 . -1 .33 -0. 471 -1.18 -2. 44 1
11 .72 11.91 200849.9 -1.52 -0. 467 -1 .38 -2.469
12.31 12.42 210937.5 -1 .68 -0.467 -1 .54 -2.502
12.97 13.15 222325. 7 -1 .84 -0. 460 -1.71 -2.495
12.34 12.55 21 1472.4 -1 .65 -0 . 456 -1 .52 -2. 466
1 1 .43 11 .62 195929.3 -1.44 -0.465 -1 . 32 -2.477
10.90 11 .08 186353.0 -1 .32 -0.468 -1.19 -2.460
10.23 10.32 1 75308.0 -1.17 -0. 4 71 -1.03 -2 . 421
9.59 9.63 164295.
7
-1 .03 -C . 473 -0.89 -2.393
8.94 9. 18 153232.8 -0.91 -0.478 -0.77 -2.387
S. 15 8 . 30 139725.2 -0.76 -0 . 482 -0.64 -2.3 5
9
7.58 7.71 1 29829 .V -0.66 - . 4 81 -0.53 -2.288
7.06 7.15 12097S. -0.58 -0. 489 -0.46 -2.274
6.33 6.43 108540.0 -0.48 -0.509 -0.37 _o t 25*3
5.86 5.97 100472.3 -0 . 42 -0.518 -0.31 — n • ^12
=i . 1 7 rr , in rr c-,-><. .r, -0 . 14 -0.543 -0.23 -2. 147
64

3.23 3.25 55290. 4 -0.14 -0.585 -0.07 -1 .660
2.56 2.58 43948.9 -0. 10 -0.617 -0.03 -1 .257
2.54 2.55 43597.5 -0. 10 -0.630 -0.03 -1 .287
2.54 2.58 43520.4 -0.09 -0.607 -0.03 -1 .273
2.52 2.56 43217.6 -0.09 -0.598 -0.03 -1 .296
0.29 0.88 4996.5 -0.02 -11 .898 0.02 48.725




++DATA FILE: 4UP1R ++DATE: 22-JAN-87
FIRST RUN AT 4 DEGREES UITH ROUNDED SAIL
VFREE ULASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LB) (INLEO
0.40 0.36 6881 .4 0.00 0, , 558 0.00 1 .086
3.06 3.17 52367.7 -0.03 -0, i 134 -0.02 -0.448
4.49 4.73 76952.7 -0.07 -0, i 145 -0.04 -0.436
5.97 6.37 102307.5 -0. 13 -0, 150 -0.06 -0.445
7.82 8. 13 133936.8 -0 . 22 -0, 150 -0.11 -0.448
8.65 9.05 148286.8 -0.28 -0. 155 -0. 15 -0.477
9.09 9.38 155856.9 -0.31 -0, 158 -0.16 -0.485
10.48 10.78 179545.5 -0.41 -0, 159 -0 . 22 -0.492
10.94 1 1 .28 187511 .8 -0. 44 -0, , 156 -0.24 -0.488
11 .93 12.31 204421 .8 -0.54 -0, , 161 -0.29 -0.503
12.69 13.07 2174 70.3 -0.63 -0, 164 -0.34 -0.516
13.32 13.70 228274 .8 -0.67 -0, 159 -0.36 -0.499
13.80 14.20 236513.7 -0.73 -0, 160 -0.39 -0.506
14.79 15.24 253517.
1
-0.85 -0, 163 -0.46 -0.516
15.36 15.87 263219.3 -0.91 -0. 162 -0.49 -0.514
15.89 16.43 272311 .2 -0.96 -0. 160 -0.52 -0.507
17.01 17.52 291459.2 -1 . 12 -0, 163 -0.61 -0.516
17.52 18.28 300207.3 -1 .19 -0. 163 -0.64 -0.514
18.10 19.07 310272.3 -1 .26 -0, 162 -0.68 -0.511
19.24 19.88 329750.4 -1 .46 -0. 166 -0.79 -0.522
19.84 20.46 340067.2 -1 .59 -0. 170 -0.86 -0.535
22.50 22. 65 38557S.3 -1 .98 -0, 165 -1 .06 -0.514
23 . 22 23.43 397849.9 -2.06 -0. 161 -1 . 10 -0.504
23.88 24.56 409263.3 _ -> ">n -0. 164 -1. 19 -0.515
25.28 25.92 433205. -2.50 -0, 165 -1.34 -0.518
26.07 26.52 446696.8 -2.68 -0. 166 -1 . 44 -0.523
26.95 27.70 461938.3 -2.85 -0. 165 -1 .53 -0.519
26.65 27.24 456635.7 -2.77 -0. 164 -1 .50 -0.521
24.51 25. 18 420112.6 -2.33 -0. 163 -1 .27 -0.522
0.75 -0.41 12917.4 0.06 4 . 430 -0.01 -2.619




++DATA FILE: 4DN1R ++DATE:22-JAN-87
FIRST RUN DOWN AT 4 DEGREES WITH ROUNDED SAIL
VFREE ULASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LB) ( INLEO
0.23 0.27 3933.6 0.00 0.996 0.00 5.814
26.27 27. 14 450125.4 -2.74 -0. 167 -1 .45 -0.517
24.72 25.53 423711 .3 -2.41 -0. 166 -1 .28 -0.514
23.63 24.33 404952. 2 -2. 13 -0. 161 -1 . 13 -0.499
21 .79 22.42 3^3410. -1 .84 -0. 163 -0.98 -0.510
20.64 21.17 353683.7 -1 .65 -0.163 -0.88 -0.511
19.58 20.95 335535. 1 -1 .49 -0. 163 -0.80 -0.513
18.42 19.28 315709.9 -1 .31 -0. 163 -0.71 -0.512
17.37 17.81 297621 .9 -1 . 13 -0. 158 -0.61 -0.496
16.39 16.80 280842.8 -1 .04 -0. 164 -0.56 -0.519
15.89 15.90 272278.3 -0.96 -0. 161 -0.52 -0.510
15.34 15 .54 262892.6 -0.90 -0.161 -0.49 -0.510
14.91 15.26 255549.0 -0.84 -0. 160 -0. 46 -0.506
14.42 14.77 247199.6 -0.78 -0. 159 -0.43 -0.505
13.39 13.64 229481 .5 -0.67 -0. 157 -0.37 -0.503
12.49 12.90 214096.6 -0.59 -0. 160 -0.33 -0.513
11 .80 12.17 202291 . 1 -0.53 -0. 160 -0.29 -0.514
11.23 11.54 192387.7 -0.47 -0. 158 -0.26 -0.510
9.84 10.04 168592.5 -0.37 -0. 160 -0.20 -0.518
9. 18 9.61 157279.0 -0.31 -0. 156 -0. 17 -0.510
8.55 9.21 146576.5 -0.26 -0. 150 -0. 15 -0.498
7.89 7.93 135154.8 -0.22 0. 148 -0. 12 -0.48e
7.02 7. 15 120244.5 -0. 17 -0. 149 -0. 10 -0.495
5.87 6.01 10058b .
8
-0.12 -0.143 -0.07 -0.495
5.71 5.93 97854.5 -0. 10 -0. 135 -0.06 -0.469
4.97 5. 19 S5136.6 -0.07 -0.119 -0.05 -0.464
3.55 3.57 60807.6 -0.02 -0.072 -0.02 -0.329
2 . 32 2.39 3 V 7 v A . 1 0.00 0.003 -0.01 -0.322
0.66 . 7 1 112 4 4.9 0.03 2.674 0.00 2.439






++DATA F ILE: 9UP1R ++DATE5 22-JAN-97
FIRS! RUN UP AT 9 DEGREES WITH ROUNDED SAIL
UFREE VLASER REYNLD RFOR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LP) ( INLEO
0.29 0.29 5029.9 0.00 0.667 o.oo :.'.0 32
2. 18 2.32 37385.0 -0.02 -0. 179 -0.01 -0.533
4.41 4.73 7549S.
7
-0. 15 -0.315 -0.08 L .060
5.40 5.62 92468.2 -0.27 -0.386 -0.15 L .273
5.44 5.71 9 316 2.4 -0.28 -0.397 -0.16 L .327
6.93 7.19 118760.0 -0. 4 4 -0.389 -0.25 L . 296
7.38 7.68 126438.9 -0.50 -0.384 -0.28 t .279
7.96 8.28 136439.0 -0.58 -0.387 -0.33 L .291
8.73 9.08 149646. 1 -0.70 -0. 387 -0.40 L .287
9.36 9.63 160421 .6 -0.79 -0.382 -0.45 L .273
10.0 7 10.38 172613.9 -0.93 -0. 386 -0.53 L .2S3
11 .00 11 .35 138453.9 -1 .09 -0.380 -0.62 L .271
12.05 12.43 2064/3.0 -1 .33 -0.385 -0.76 L .282
12.92 13.35 221338.3 -1 .51 -0.332 -0.86 L .270
13.96 14.37 239217.9 -1 .77 -0.382 -1.00 L .268
15.05 15.46 257861 .6 -2.07 -0.385 -1 . 18 I .283
16.06 16.46 275224.4 -2.35 -0.385 -1.34 -1 L .280
17. 15 17.61 293901 .3 -2.70 -0.386 -1.54 -1 .285
18.90 19.20 323828.3 -3.27 -0.385 -1 .86 -: 1 .283
19.41 19.95 3 32558 . 6 -3.44 -0.385 -1.96 -1 . .283
20.61 21 .09 353272.3 -3.90 -0.337 _ n ~>o _ .288
21.86 22.35 374549.2 -4.39 -0.387 -2.50 -1 .289
23.25 19.62 398511 .9 -4.99 -0.388 -2.84 -1 .294
24.60 19.52 421637.
1
-5.59 -0.389 -3.18 -1 TQC-
26.14 7.78 448020.9 -6.33 -0.390 -3.60 -1 .298
26.42 27.20 452767.3 -6.34 -0.383 -3.63 -1..280
25.01 25.54 428577.9 -5.66 -0.381 -3.24 -1. .277
0.78 1.11 13443.6 0.04 2.812 -0.01 -4.479




++DATA FILE: 9DN1R f+DATE :22-JAN-67
FIRST RUN DOUN AT 9 DEGREES WITH ROUNDED SAIL
VFREE YLASER REYNLD RFOR CFOR RMQM CMOM
(FT/SEC) (FT/SEC) (LB) ( INLB)
0.15 0. 15 2574 .3 0.00 3.652 0.00 9.049
26.32 27.03 450976 .
4
-6.39 -0.389 -3.61 -1 .285
25.09 25.70 429391 . 4 -5.77 -0.386 -3.27 -1 .280
23.35 24.39 408 7 15.3 -5. 19 -0.384 -2.95 -1 .277
22.51 23. 13 385727.5 -4.63 -0.385 -2.64 -1 .291
21 .33 20.69 365626 . 7 -•1.17 -0.386 -2.38 -1 .296
20.17 20.39 345629.8 -3. 73 -0.387 -2. 13 -1 .292
19.07 19.71 32678 7. 1 -3.32 -0.385 -1 .90 -1 .286
17.27 17.68 291 9 J 5 . 6 -2.71 -0. 383 -1 .55 -1 .282
16.39 16.78 280939.9 -2. 44 -0.333 -1 . 40 -1 .282
15.36 15.60 263 18. ' .2 -2. J 3 -0.381 -1 .22 ~1 .278
13.92 14.21 2394/5. 9 ' 7 L -0.383 -1 .01 -1 .286
12.53 12.79 2 1 4 6 S 1 . 1 1 .40 -0.375 -0.81 -1 .266
11 .22 11 .53 192223.
1
-1.14 -0.381 -0.66 -1 .291
9.85 10.07 168846.2 -0.87 -0.376 -0.50 -1 .279
8.54 8.77 14643 '.9 -0.65 -0.373 -0. 38 -1 .286
7.50 7. 73 1285 '2.9 -0.51 -0.380 -0.30 -1 .308
6.08 6.25 10 4 14 2.4 -0.33 -0.372 -0.20 -1.317
4.99 5.13 85455.3 -0.21 -0.361 -0. 13 -1 .320
0.72 0.92 123', 0.4 0.0 2 1 .250 0.00 0.421




+ + DATA FILE: 15UP1R -1 4 DATE :
:
I3-JAN-87
FIRST RUN UP AT 15 DEGREES UITH ROUNDED SAIL
UFREE VLASER REYNLD RFOR CFQR RMOM CMUM
<FT/SEC) <FT/5EC) < LB) ( 1NLEO
0.13 1 .22 2 258.8 0.01 13 . 663 0.00 1 1 .751
3.72 -1.14 6333 1 .8 -0.08 -0. 247 -0.05 -0.815
6. 14 -2.85 105289 . 5 -0.25 -0.281 -0. 16 -1 .037
7. 13 0.96 122169.6 -0.34 -0 . 2S5 -0 . 22 -1 .062
7.20 7. 18 1 2 .13 1 7 . 4 - . IB -0. 307 -0.24 -1.15 3
9.00 9.26 154252.5 -1 .02 -0.532 -0.63 -1 .914
10.12 9.80 173443.
4
-1 .30 -0.535 -0.80 -1 .923
11 .23 11.01 192 460. -1 .60 -0.536 -0.99 -1 .933
12.17 12.61 21363 7.2 -1 .99 -0.539 -1 .23 -1.942




-0.53 7 -1 .43 - 1 . 9 3 A
15.08 15.24 253461 .8 - 2 . V 3 -0.543 -1 .80 -1 .950
16.11 16.27 276 126. 3 -3.22 -0.539 -2.04 -1 .938
17.23 17.46 295222.8 -3.79 -0.539 -2.33 -1.931
18.36 13.54 314642.2 - 4 . 3 1 -0.538 -2.64 -1 .931
19.40 19.62 3325 44.5 -4.82 -0.540 -2.96 -1 .934
20.59 20.62 352879 .8 -5.41 -0.537 -3.32 -1 .928
21 .81 21 .90 373697.4 -6.05 -0.536 -3.71 -1 .923
22.51 22.62 385799. 1 -6.49 -0.540 -3.99 -1 .938
23.89 24.05 409390.3 -7.34 -0.542 -4.50 -1 .941
24.59 24.70 421432.9 -7. '1 -0.537 -4.73 -1 .926
25.31 25.55 4336 74 . 7 -3. 19 -0.539 -5.03 -1 .934
26.15 26. 13 44G192.5 - 8 . "2 -0.537 -5 » 3u -1 .925
26.53 26.60 454592.9 -3. VI -0. 534 -5.49 -1 .921
0.93 -4.09 159 7 J .7 0.02 1 . 130 -0.00 -1 .058




++DATA FILE: 15DN1R f + DA rr.
:
27- JfiN-87
FIRST RUN DOWN AT 15 DEGREES ui t 1H ROUNDED SAIL
VFREE OLASER RE rNLP RFQR CFOR RMOM CMOM
(FT/SEC) (FT/SEC) (LEO '. INLEO
0.11 -2.62 1940 .3 0.01 2 4 .369 0.00 32.935
26.65 27. 11 456762 .9 -9.10 -0.540 -5 . 59 -1.936
26. 15 26.48 4 4 820 4 . b _ g a n -0.5 43 -5.42 -1 .950
24 .79 25. 1 1 42* . ' j ' . 82 -0.536 -4.31 - L .927
23.62 23.92 40 4 786 . 9 -7.03 -0.534 -4.36 -1 .923
23.03 23.39 394589 n -6.77 -0.538 -4. 17 -1 .936
22.38 22.69 383508 .3 -6.39 -0.538 -3.94 -1 .937
21 .40 21 .6? 366751 .8 -5.83 -0.536 -3.60 -1 .938
20.80 21.01 35ft 495 p ^ -5.50 -0.536 -3.40 -1 .933
19.68 20.01 33/297 .8 -4.96 -0.539 -3.07 -1 .951
18.69 18.98 320334 .6 -4.47 -0.539 -2.77 -1 .949
18.09 18.32 309 -• ! , 7 -4. 17 -0.537 -2.59 -1 .948
17.57 17.89 301084,.0 -3.9 2 -0 .535 -2.43 -1 .940
1 5 . 55 15.83 2 6 6 5 4
3
. 1 - 5.07 -0.536 -1 .91 -1 .948
14.52 14.77 248903 ,7 -2.67 -0.533 -1 .66 -1 .944
13.43 13.63 2 300 7? , t -2.23 -0.532 -1 .43 -1 .952
12. 15 12.28 208230 n -1 .84 -0.525 -1.16 -1.936
11.19 1 1 .32 191 829 . i -1 .56 -0.525 -0.99 -1 .945
10.30 10.47 176: . 4 -1 .31 -0.519 -0.83 -1 .933
9.36 9 . 5 3 160 4e2 ,6 -1 .08 -0.517 -0.69 -1 .934
8.54 8.69 146278 -> -0.83 -0.509 -0.57 -1 .917
7.60 7.74 130255
,
,9 -0.63 -0. 495 -0. 45 -1 .397
6.51 6.63 1 11556 . 1 -0.33 -0.380 -0.27 - 1 . 5 4 4
5. 19 5.27 89028,,0 -0. 15 -0. 228 -0. 12 -1 .055
4.45 1.49 7620! . 9 -0. 10 -0 . 208 -0.09 -1 .077
0.68 0. 71 1 156S.,0 . 4 3. 756 0.00 1 .088




DATA FILE.* S0RF35 DATE : 27-FEB-87
.35" STAND-OFF
YAW ANGLE -n 4.0 XM FROM &0W-12.92
XM YM ZM ROTATION OLASER VFREE RATIO
12 .9200 .0000 1 .6975 .0 .982 25 .043 .0392
12 .9200 . 1332 1 .6923 4 . 5 .723 25 .010 .0289
12 .9200 .2655 1 .6766 9 .0 .652 25 .020 .0261
12 .9200 .3963 1 .6506 13 * U .495 25 .010 .0194
12 .9200 .5246 1 .6144 18 .0 . 439 J 5 .004 .0175
12 .9200 .6496 1 .5683 nn • 5 .326 25 .016 .0130
12 .9200 .7706 1 .5125 27 .0 . 1^3 25 .017 .0069
12 .9200 .8869 1 . 4474 31 . 5 -0 .114 25 .027 -0 .0046
12 .9200 .9978 1 3733 36 .0 044 25 .024 .0018
12 .9200 1 , 1024 1 2908 40 . 5 633 25 .053 0253
12 .9200 1 2003 1 2003 45 .0 1 199 25 .055 0479
12 .9200 1 .2908 1 . 1024 49 » 5 1 039 25 .068 0414
12 .9200 1 .3733 9978 54 .0 1 264 25 .070 0504
12 .9200 1 .4474 8869 58 . 5 1 345 25 .079 0536
12 ,9200 1 .5125 .7706 63 .0 .727 25 . 102 .0290
12 ,9200 1 .5683 .6496 6T7 . 5 401 25 . 104 .0160
12 .9200 1 .6144 5246 72 .0 273 25 . 118 0109
12 ,9200 1 .6506 .3963 76 . ~» 1 192 25 . 130 0474
12 .9200 1 .6766 2655 81 .0 546 25 149 0217
12 9200 1 6923 1 332 85 5 654 25 157 0260
12 .9200 1 ,6975 0000 90 459 25 173 0182
12 9200 1 6923 -0 1332 94 5 224 25 189 0089
12 9200 1 6766 -0 2655 99 -0 019 25 203 -0 0008
12 9200 1 6506 -0 3963 103 5 -0 ^24 25 198 -0 0089
12 9200 1 6144 -0 5246 108 -0 506 25 203 -0 0201
12 9200 1 5683 -0 6496 112 5 -0 615 25 205 -0 0244
12 9200 1 5125 -0 7706 1 17 -0 759 25 206 -0 0301
12 9200 1 4474 -0 °S69 125 5 -0 813 25 199 -0 0323
12 9200 1 3733 -0 9978 126 -0 S50 ic 211 -0 0349
12 .9200 1 2908 -1 1024 130 5 -0 947 25 221 -0 0376
12 ,9200 1 2003 -1 2003 135 -0 903 25 218 -0 0358
12 9200 1 1024 -1 2908 139 u -0 925 25 218 -0 0367
12 ,9200 9978 -1 3733 144 -0 850 25 219 -0 0337
12 9200 8869 -1 4474 148 5 -0 630 25 213 - 0270
12 9200 7706 -1 5125 153 -0 565 25 216 ">~>4
12 9200 6496 -1 5683 157 5 -0 421 25 215 -0 0167
12 9200 5246 -1 6144 162 -0. 206 25 211 -0. 0082
12 9200 3963 -1 6506 166 5 -0. 057 25 189 -0 0023
12 9200 2 655 -1 6766 171 . 0. 239 25, 188 0. 0095
12 9200 ' 1332 -1 6923 175. 5 . 445 25. 193 o 0177
12. 9200 0000 -1
.
6975 180. 0. 795 182 0. 0316
12 9200 -0 1332 -1 6923 184, 5 1
.
013 25, 1S6 0. 0402
12 9200 -0 2655 -1 6766 189 1 259 25, 192 r\
,
0500
12 9200 -0 3963 -1 6506 193 5 1 52"" n r- 194 0. 0606
J2 9200 -0 5246 -1 .-, ; 4 i 198 1 7 f c ..' .j , 198 . -> 1
3
12 9200 -0 6496 -1 5683 202 5 -) 42 25. 202 : :
12 9200 -0 7706 -1 5125 207 o oq 7 25 201 0. 0908
12 9200 -0 8869 -1 4474 211 c- 1 503 25 204 0993
12 9200 -0 9978 -1 3733 216 n 7 j6 25 038 0. 1101
12 9200 -1 1024 -1 2908 220. 5 n 97^ 25. 037 0. 1139
12 9200 -1 2003 -1 2003 225 3. 159 -)C- 029 0. 1262
12 9200 -1 2908 -1 1024 229. 5 3. 3 ~*3 25. 03S 0. 1327
12 9200 -1
.




12.9200 -1 . 4474 -0 .8869 238 , 5 3 .664 25 .025 . 1464
12.9200 -1 .5125 -0 ,7706 243 .0 3 . 784 25 .030 . 1512
12.9200 -1 .5683 -0 ,6496 247 .5 3 ,848 25 .029 . 1537
12.9200 -1 .6144 -0 .5246 ">=;"> .0 3 .919 25 .027 . 1566
12.9200 -1 .6506 -0 .3963 256 , 5 3 ,996 25 .031 , 1596
12.9200 -1 ,6766 -0 .2655 261 ,0 4 ,073 25 ,032 . 1627
12.9200 -1 ,6923 -0 , 1332 265 5 4 ,064 25 .027 0, . 1624
12.9200 -1 .6975 -o,,0000 270,,0 4,,070 25,.027 0,.1626
12.9200 -1 ,6923 0,.13 3 2 274, < o 4 , 052 25,,026 0. , 1619
12.9200 - 1 ,.6766 0,.2655 279,,0 3,.963 25,,034 0, 1583
12.9200 -1
,.6506 0,.3963 283, , 5 3,,825 25,,035 0. 1528
12.9200 -1
,.6144 0,.5246 288, 3, , 730 25,,039 0, 1490
12.9200 -1 .5683 0,.6496 ~) 9'> , 5 3,,721 25,,033 0, 1487
12.9200 -1 .5125 ,.7 706 297,,0 3,.648 25 ,051 0, , 1456
12.9200 -1 , 4474 0..8869 301, , 5 3,,622 25,,046 0. , 1446
12.9200 -1 , 3733 0..9978 306,,0 3,,585 25,,049 0, . 1431
12.9200 -1.,2908 1 , 1024 310, , 5 3,,599 25,.052 0, , 1437
12.9200 -1 ,2003 1
,
.2003 315,,0 3,,708 25..044 0, , 1481
12.9200 -1 . 1024 1 ,2908 319, , 5 3 ,847 25,.042 0, , 1536
12.9200 -0 ,9978 1 .3733 324,,0 4 , , 163 25,.037 0, , 1663
12.9200 -0 .8869 1 ,4474 328, , 5 4 , 502 25,,050 0, . 1797
12.9200 -0 ,7706 1 .5125 333,,0 4 , , 137 25,,042 0, , 1652
12.9200 -0 .6496 1 ,5683 337, , 5 3,,537 25,.046 0. 1412
12.9200 -0,.5246 1
.
6144 342,,0 ~> ,785 25, 049 0. 1112
12.9200
-o,,3963 1 , 6506 346, 5 ~> 384 25.,052 0. 0952
12.9200 -0,,2655 1
,
,6766 351 , 1 , 616 25, 056 0. 0725
12.9200 -0, , 1332 1 6923 355 . 5 1 . 774 25, 048 0. 0708
12.9200 0,,0000 1 ,6975 360, 0,,991 25, 051 0. 0396
999.99 999.99 999.99 999. 9 999.9 999.99 999.99
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DATA FILE! S0R1FB DATE 1 26 -FEB- 87
OUTSIDE BODY VORTICES* INSIDE TIF' VORTEX
YAW ANGLE^14.0 XM FROM B0U=12.92
Xh YM ZM ROTATION VLASER VFREE RATIO FERCENT
12.9200 .0000 n .34 75 0.0 1 .363 24 .992 0.0545
12.9200 . 1842 n .3403 4.5 1 .048 25.004 0.0419
12.9200 .3672 n .3186 9.0 0.773 24.997 0.0309
12.9200 .5480 n .2826 13.5 0.579 25.003 0.0232
12.9200 .7254 n .2326 18.0 0.310 25.011 0.0124
12.9200 .8983 o . 1688 22.5 0. 128 25.018 0.0051
12.9200 1 .0657 2 .0916 27.0 -0.012 25.051 -0.0005
12.9200 1 .2266 n .0016 31 .5 0.032 25.087 0.0013
12.9200 1 .3798 1 .B992 36.0 -0.051 25. 1 16 -0.0020
12. 9200 1 .5246 1 . '851 4 0.5 0.0 38 25. 134 •j. 00 15
12.9200 1 .6599 1 .6599 4 5.0 0. 168 25. 173 0.0067
12.9200 1 .7851 1 .5246 49.5 0.268 25. 188 0.0106
12.9200 1 .8992 1 .3798 54.0 0.754 25. 198 0.0299
12.9200 o ,0016 1 .2266 58.5 1 .379 25.207 0.0547
12.9200 2 .0916 1 .0657 63.0 2.828 25.210 0. 1122
12.9200 T , 1688 .8983 67.5 4 . 694 25.219 0.1861
12.9200 2 ,2326 .7254 72.0 5 * 7u6 25.229 0.2281
12.9200 "i ,2826 .5480 76.5 4.357 25.237 0. 1726
12.9200 2 ,3186 .3672 81 .0 1 .978 25.261 0.0783
12.9200 -> ,3403 , 1842 85.5 0.817 25.275 0.0323
12.9200 n ,3475 .0000 90.0 0. 105 25.2 74 0.0042
12.9200 "> ,3403 -0 . 1842 94.5 -0.038 25.278 -0.0015
12.9200 2 .3186 -0 .3672 99.0 -0.322 25.285 -0.0127
12.9200 *-> ,2826 -0 ,5480 103.5 -0.440 25.281 -0.0174
12.9200 n ,2326 -0 , /254 108.0 -0.504 25.296 -0.0199
12.9200 2. , 1688 -0 .8983 112.5 -0.501 25. 304 -0.0198
12.9200 i ,0916 -1 ,0657 117.0 -0.509 25.295 -0.0201
12.9200 n ,0016 -1 ,2266 121.5 -0.529 25.303 -0.0209
12.9200 1 , 8992 -1 ,3/98 126.0 -0.530 25. 327 -0.0209
12.9200 1 , 7851 -1 .5246 130.5 -0.556 25.318 -0 .0220
12.9200 1 ,.6599 -1 , 65V? 135.0 -0.519 25.323 -0.0205
12.9200 1 ,.5246 -1
,
,
'851 13^.5 -0.442 25.317 -0.0175
12.9200 1 , 3798 -1 ,8992 144.0 -0.405 25. 310 -0.0160
12.9200 1 , 2266 _ ~> 0016 148.5 -0. 339 25.305 -0.0134
12.9200 1 , 0657 _ -) .0916 153.0 -0.210 25.304 -0.0083
12.9200 , 3983 -2 , , 1688 157.5 -0.174 25.313 -0.0069
12.9200 0.,7254 -2 ,.2326 162.0 -0.076 25.29 7 -0.0030
12.9200 0,,5480 .. -> ,2826 166.5 0.082 25. 284 0.0033
12.9200 0,,3672 - 2 , 3186 171.0 0.234 25.283 0.0092
12.9200 0. , 1842 _ n ,3403 175.5 0.333 25.288 0.0132
12 . 9200 0,,0000 -2 , 3475 180.0 0.473 25.290 0.0187
12.9200 -0, 1842 -2 , 2403 18 4.5 .605 25. 123 0.0241
12.9200 -0. 36 72 _ ~» 3186 189.0 0.705 25. 107 0.0281
12.9200 -0, 5480 -2 , .'826 193.5 0.821 25. 108 0.0327
12.9200 -0, 7254 _ -> 2326 198.0 1 .000 25. 100 0.0399
12.9200 -0. 8983 _ ~> 16RR 202.5 1 . 109 25. 101 0.0442
12.9200 -1
.
0657 _ -i 0916 2o:\o 1.245 25. 103 0.0497
12.9200 -1 226i _ -> C I - 211.5 1 . 3^4 25.09S 0.0547
12.9200 -1 3798 -1 . 8992 216.0 1 . 474 25.09 7 0.0587
12.9200 -1 5246 -1 . 7851 220.5 1.613 25.096 0.0643
12.9200 -1 6599 -1 . 6599 225.0 1 .620 25.089 0.0646
12. 9200 -1
,
7851 -1 . 5246 229.5 1 .691 25.097 0.0674
12.9200 -1 8992 -1 . 3798 234.0 1 .863 25.079 0.0743
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12,,9200 _ -> ,001/, -1 .2266 238 , 5 1 .909 2 5 .092 .0761
12 ,9200 __ o ,0916 -1 ,065 7 243 .0 1 .908 25 .095 .0760
12,,9200 _1 . 1688 -0 ,8983 247 i 5 9 .025 2j .089 .0807
12 ,9200 _ n ,2326 -o ,7254 252 ,0 n . 106 25 .099 .0839
12,,9200 _-) .2826 -0 ,5480 256 , 5 n ,078 25 .085 ,0828
12,.9200 _ n .3186 -0 ,3672 261 ,0 i ,087 25 .091 ,0832
12 ,9200 __ n ,3403 -0 ,1342 265 , 5 9 ,117 25 .092 ,0844
12 ,9200 _") .3475 -0 ,0000 270 ,0 9 ,042 25 ,073 ,0814
12 .9200 _o .3403 , 1842 274 , 5 n , 127 25 ,076 ,0848
12 .9200 _ n .3186 ,3672 279 ,0 n , 163 25 ,082 ,0862
12 .9200 — n .2826 ,5480 283 , 5 9 ,189 25 i,089 ,0872
12 .9200 _ -> .2326 ,7254 208 ,0 ^ , 146 25,,093 o,,0855
12,.9200 _ 2 , 1688 ,8983 oo o ,5 n , 145 25,,086 0,,0855
12,,9200 __ n .0916 1
,
,0657 297,.0 n . 102 25,.090 0,,0838
12 ,9200 _~> ,0016 1 , 2266 301 , . 5 n .073 25,,085 0,.0826
12 ,9200 -1 , 8992 1
,
. 3798 306,.0 n ( . 113 25,,099 0,,0842
12,.9200 -1 , . 7851 1 , 5 2 1
6
310, 1 u ~> ,203 _ ^J i 113 0,.0877
12,.9200 -1 ,.6599 1 ,6599 315, n ,299 25 i 111 0,,0915
12,.9200 -1 ,.5246 1 7851 319, 5 ~> 401 25 . . 109 0,,0956
12,.9200 -1 ,.3798 1 8992 324,.0 1 ,395 25, 119 0, 0953
12,.9200 -1 , 2266 2, 0016 328, , 5 2 .547 25, , 116 0, 1014
12,.9200 -1 ,.0657 o .0916 333,,0 n 546 25, 126 0, 1013
12,.9200 -0,.8984 1 . 1688 337, . 5 9 .463 25, , 121 0, 0980
12,.9200 -0 ,7254 n .2326 342,.0 2 «.345 25, , 125 0,,0933
12,,9200 -0,,5480 9 2826 346, . tj 9 237 25, 133 0, 0890
12,,9200 -0,,3672 2 i,3186 351,.0 i , 9~) '"> 25, , 128 0,,0765
12,.9200 -0 , 1842 9 .3403 355 , < u i , 578 25, , 112 0,,0628
12,.9200 0,,0000 9 ,3475 360,,0 i
.
391 25. 121 0.,0554







XM FROM DOU- 12.92
XM YM ZM ROTATION VLASER VFREE RATIO PERCENT
12.9200 .0000 3 5665 0.0 .392 25 .051 0.0157
12.9200 .2798 3 » 5555 4.5 .320 25 .034 0.0128
12.9200 .5579 3 .5226 9.0 .219 25 .009 0.0088
12.9200 .8326 3 .4680 13.5 . 132 24 .981 0.0053
12.9200 1 . 1021 3 .3919 18.0 .071 25 .004 0.0028
12.9200 1 .3618 3 .2950 22.5 -0 .063 25 .009 -0.0025
12.9200 1 .6192 3 . 1778 27.0 -0 .236 25 .009 -0.0094
12.9200 1 .9635 3 .0409 31 .5 -0 .335 25 .021 -0.0134
12.9200 n .0963 n 8854 36.0 -0 . 452 25 .036 -0.0131
12.9200 n .3163 n 7120 40.5 -0 .657 25 .042 -0.0262
12. 9200 9 .5219 -i 5219 45.0 -0 .814 25 .042 -0.0325
12.9200 -> ,7120 n 3163 4 9.5 -0 .996 25 .044 -0.0398
12.9200 o 8854 n 0963 54.0 -1 .435 25 047 -0.0573
12.9200 3 0409 1 8635 58.5 -1 .894 25 059 -0.0756
12.9200 3 1778 1 6192 63.0 _ n 628 °5 053 -0. 1049
12.9200 3 2950 1 3648 67.5 -3 276 25 058 -0. 1307
12.9200 3 3919 1 1021 72.0 -3 .451 25 .057 -0. 1377
12.9200 3 4680 8326 76.5 -3 088 25 051 -0. 1233
12.9200 3 5226 5579 81 .0 _ "t .581 25 .043 -0. 1030
12.9200 3 5555 2798 85.5 _ O . 127 25 075 -0.0848
12.9200 3 5 665 0000 90.0 -1 .709 25 071 -0.0682
12.9200 3 5555 -0 2798 94.5 -1 . 402 25 .083 -0.0559
12.9200 3 .5226 -0 5579 99.0 -1 . 168 25 089 -0.0466
12.9200 3 4680 -0 8326 103.5 -0 931 25 095 -0.0371
12.9200 3 3919 -1 1021 108.0 -0 ,786 25 105 -0.0313
12.9200 3 2950 -1 3648 112.5 -0 697 25 102 -0.0278
12.9200 3 1778 -1 6192 117.0 -0 674 25 115 -0.0268
12. 9200 3 0409 -1 8635 121 .5 -0 570 25 115 -0.0227
12.9200 n 8854 _ ~» 0963 126.0 -0 490 25 125 -0.0195
12.9200 n 7120 - 2 3163 130.5 -0 479 ->e- 140 -0.0190
12 . 9200 n 5219 _ "> 5219 135.0 -0 435 25 147 -0.0173
12.9200 ') 3163 _ ~> 7 120 139.5 -0 356 25 154 -0.0141
12.9200 n 0963 _ ~) 8854 144.0 -0 252 25 137 -0.0100
12.9200 i 8635 -3 0409 148.5 -0 259 25 147 -0.0103
12.9200 i 6192 -3 1778 153.0 -0 131 25 154 -0.0052
12.9200 i 3648 -3 2 J 50 157.5 -0 153 25 156 -0.0061
12.9200 i 1021 -3 3919 162.0 -0 037 25 1 5 j -0.0015
12.9200 8326 -3 4680 166.5 028 o =: 142 0.0011
12 .9200 5579 -3 5226 171.0 062 n c- 1 j j 0.0024
12.9200 2798 -3 cr c- c- crJJJJ 175.5 US 25. 156 0.0047
12.9200 0000 -3 5665 180.0 186 25. 162 0.0074
1 2. 9200 -0 2798 -3 w< -J J »
5
184.5 Q 212 25. 170 0.0084
12.9200 -0 55^9 -3 5226 189.0 0. 298 25. 166 0.0118
12.9200 -0 8326 -3. 4680 193.5 0. 346 25. 172 0.0137
12.9200 -1 1021 -3. 3919 198.0 0. 427 25. 160 0.0170
12.9200 - -1 3648 -3. 2°50 202.5 0. 479 ntri 164 0.0190
12 .920 -1 61 c 2 _ i 1^78 20-7.0 0. 57^ 25. 176 0.0229
12.9200 -1 8635 - i 4 09 211.5 0. 59 2 25. 168 0.0235
12.9200 _ n 0963 _ ~> 885 4 216.0 656 25. 170 0.0261
12.9200 _ n 3163 _ n 7120 220.5 o 682 25. 182 0.0271
12.9200 _ n 5219 _ n 5219 225.0 0. 731 25. 087 0.0291
12.9200 _ ~> 7120 _ n 3163 229.5 750 25. 076 0.0299
12.9200 _ -) 8854 _1 0963 234.0 760 25. 086 0.0303
76

12.,9200 -3,,0409 -1 .8635 23S . 'J ,806 2 5 , a 7 .0321
12 ,9200 -3 , 1 778 -1 .6192 243 ,0 .804 _ j .087 .0320
12 .9200 -3 ,2950 -1 .3648 247 5 .871 25 ,088 .0347
12 .9200 -3 ,3919 -1 . 1021 252 .0 .912 25 ,098 .0363
12 .9200 -3 ,4680 -0 .8326 256 , 5 .966 25 .096 .0385
12 .9200 -3 . 5226 -0 .5579 261 .0 o n ~> 25 ,095 .0367
12 .9200 -3 ,5555 -0 ,2798 265 . 5 , 934 25 ,096 .0372
12 .9200 -3 , 5665 -0 .0000 270 ,0 ,939 25 .091 ,0374
12 .9200 -3 ,5555 ,2798 2 74 , 5 ,935 n ^ , 108 .0372
12 .9200 -3 .5226 ,5579 279 ,0 ,992 25. , 110 ,0395
12 .9200 -3 ,4680 ,9326 283 , 5 1
.
,019 2 j . . 1 16 ,0406
12 ,9200 -3 ,3919 1 , 1021 288 ,0 0,,980 25 , , 1 15 ,0390
12 .9200 -3,,2950 1 .3648 292 , 5 0.,883 25, , 109 .0352
12.,9200 -3,,1778 1 .6192 29 7,,0 0..949 25, 114 0,,0378
12.,9200 -3,,0409 1
,
.8635 301 , , 5 1 ,01 1 25 . . 129 o,,0402
12.,9200 -2,.8854 2 ,0963 306,,0 1 ,017 i ^ 1 14 , 0405
12,,9200 _-> i.7120 2 .,3163 310. , w) 1
,
,070 2 5 , 132 o,,0426
12,.9200 _ n 5219 2 , . 5 2 1 9 315.,0 1
,
034 25. 125 0,.0412
12,,9200 _o ,3163 2 , 7120 319. , 5 1 ,034 25, 127 0,.0411
12,,9200 _ i ,0963 2 .8854 324.,0 0,,933 25, 133 0,,0371
12,,9200 -1 , 3635 3,,0409 328. , 5 0, 9"> "> 25, 125 0,.0367
12,,9200 -1 , 6192 3, , 1778 333.,0 0,,870 25, 129 0,.0346
12,,9200 -1 ,.3648 3 ,2950 337, , 5 0,,850 25, 143 0,.0338
12,,9200 -1 , , 1021 3..3919 342 ,0 , 908 25, 144 0,.0321
12,,9200 -0,.8326 3,.4680 346. , b 0,,674 25, 148 0,,0268
12,,9200 -0,,5579 3.,5226 351 .,0 0,.596 25, 152 0,,0237
12,,9200 -0, 2798 3 .,5555 355. . 5 0, 476 25. 159 0, 0189
12,,9200 0. 0000 3. , u665 360, 0. 410 25 , 155 0. 0163




DATA FtLE: VPF2 DATE.J 25-FEB-87
,2* FROM TIP--POS1TIUE VERTICAL LEG
xs YS ZS
0.2000 -0 .4500 ,2000
0.2000 -0 .3500 ,2000
0.2000 -0,.2500 0,,2000
0.2000 -0 , 1500 .2000
0.2000 -0,,0500 0,,2000
0.2000 0,,0500 0, 2000
0.2000 0. , 1500 0, 2000
0.2000 0,,2500 0, 2000
0.2000 0, 3500 0, 2000
0.2000 0.,4500 0, 2000




-4.025 25.054 -0. 1606
-4.703 24.993 -0. 1882
-5.388 24.959 -0.2159
-5.691 24.909 -0.2285
-4.914 24.395 -0. 1974
-3.147 24.883 -0. 1265
-1 .513 24.862 -0.0609
-0.599 24.866 -0.0241
-0.097 24.865 -0.0039
0. 106 24.851 0.0043
0. 155 24 .859 0.0063
0.216 24.856 0.0087
999.99 999.99 999.99
DATA FILE: YMP2 DATE : 25-FEB-8;
,2" FROM TIP--NEGATIVE VERTICAL LEG
XS YS ZS VLASER VFREE RATIO
2.2000 0.6500 0.2000 -2.589 24.929 -0. 1039
2.2000 0.5500 0.2000 -3.750 24. 909 -0. 1505"
2 .2000 0. 4500 0.2000 -9.967 24.883 -0.4006
2.2000 0.3500 0.2000 -8.243 24.831 -0.3320
2. 2000 0.2500 0.2000 5.911 24 .816 0.2382
2.2000 0. 1500 0.2000 1 .369 24 .814 0.0552
2. 2000 0.0500 0.2000 1 .228 24.811 0.0495
2.2000 -0.0500 0.2000 1 . 150 24 .807 0.0463
2. 2000 -0. 1500 0.2000 1 .207 24.811 0.0487
2 . 2000 -0.2500 0.2000 1 .078 24 .807 0.0435
2. 2000 -0.3500 0.2000 1 . 101 24.308 0.0444
2.2000 -0.4500 0.2000 1 .047 24.315 .0422
999 , 99 999 t 99 999.99 999.99 999.99 999.99
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DATA FILE: HPP2 DATE : 27-FEB-87






, 1000 o .6500 2000








1 0000 6500 2000
1 1000 6500 2000
1 2000 6500 2000
1 3000 6500 2000
1 1000 6500 2000
1 5000 6500 2000
1 6000 6500 2000
1 7000 6500 2000
1 8000 6500 2000
1 9000 6500 2000
n 0000 6500 2000
2 1000 6500 0. 2000
T 2000 6500 0. 2000
999.9? 9 C'9.99 999.99
VLASER VFREE RATIO
23 901 25 . 116 .9516
2 3 894 25 . 108 .9516
24 039 25 .079 .9586
24 271 25 055 .9687
24 519 25 063 .9783
24 960 25 04 4 .9966
25 328 25 055 1 .0109
25 672 25 039 1 .0253
25 .937 25 .028 1 .0363
26 329 25 035 1 .0517
26 491 25 031 1 .0583
26 685 25 009 1 .0670
26 777 25 10 1 .0706
26 856 25 005 1 ,0740
26 766 25 002 1 ,0705
26 743 24 996 1 0699
26 693 24 <?84 1 0684
26 785 24 979 1 0723
26 554 24 977 1 0632
26 239 24 985 1 0502
26 030 24 9 79 1 0421
25. 736 24 961 1 0310
->=j 543 24 973 1 0229
25. 301 24. 979 1 0129
25. 223 24. 975 1 0099
999.99 999.99 999.99





2 .2000 -0 4500 2000
2 , 1000 -0 4500 2000
r>
.0000 -0 ,4500 2000
1 .9000 -0 4 500 2000
1 .8000 - 4500 2000
1 .7000 -0 4 500 2000
1 .6000 -0 4500 2000
1 .5000 -0 4500 2000
1 4000 -0 4500 2000
1 3000 -0 4500 2000
1 2000 -0 4500 o 2000
1 100Q -0 4500 2000
1 0000 -0 4500 2000
9000 -0 4500 0. 2000
8000 -0 4500 2000
7000 -0 4500 2000
6000 -0 4500 2000
5000 -0 4500 2000
4000 -0 4500 0, 2000
3000 -0 4500 2000
.2000 -0 4500 2000
1000 -0 4 500 0. 2000
0000 -0 4500 0. 2000
1000 -0 4500 r> , 2000
2000 -0 4500 0. 2000
999.99 999.99 999.99
'.'LASER V rREE RATIO
25 .853 25 . 118 1 .0293
25 .923 25 .065 1 .0342
26 .000 25 .070 1 .0371
26 .089 25 .05 5 1 .0413
26 ^TT 25 . 026 1 .0478
2o .285 25 .001 1 .0514
26 421 25 .002 1 .0567
26 618 24 .987 1 .065 3
26 812 24 980 1 .0733
27 153 24 982 1 .0869
n 7 358 24 971 1 0956
n -i 557 2 4 959 1 1041
27 883 24 964 1 1 170
28 263 24 °5 3 1 1324
23 691 24 953 L 14 98
29 143 2 4 "5 2 1 1680
29 590 24 955 1 1857
29 99 7 24 947 1 2024
30 199 24 950 1 2103
30 156 24 940 1 2091
29 731 24 947 1 1918
28 924 2 4 °43 1 1596
2 ? 903 24 940 1 1 188
26 961 24 94 2 1 OSLO
26. 297 24 937 1 0545
999.99 999. 99 999.99
7?

E'rtTA FILE: VPP45 DATE ! 25-FEB-87
45" FROM TIP—POSITIVE VERTICAL LEG
xs YS ZS VLASER VFREE RATIO
0.2000 -0.4500 0.4500 -4 .882 25.091 -0. 1946
0.2000 -0.3500 0.4500 -5.882 25.028 -0.2350
0.2000 -0.2500 0.4500 -6.919 24.974 -0.2771
0.2000 -0. 1500 0.4500 -7.288 24.951 -0.2921
0.2000 -0.0500 0.4500 -6.230 24.931 -0. 2499
0.2000 0.0500 0.4500 -3.810 24 .914 -0. 1529
0.2000 0. 1500 0.4500 -1.611 24.905 -0.0647
0.2000 0.2500 0.4500 -0.271 24.898 -0.0109
0.2000 0.3500 0.4500 0.312 24.886 0.0125
0.2000 0.4500 0.4500 0.513 24.884 0.0206
0.2000 0.5500 . 4000 0.58 4 24 .379 0.0235
0.2000 0.6500 0.4500 0.643 24 .96 2 0.0258
999.99 999.99 999.99 999.99 999.99 999.99
DATA FILE: VMF'45 DATE : 25-FED-87
45' FROM TIP— NEGATIVE VERTICAL LEG
XS YS ZS VLASER VFREE RATIO
2.2000 .6500 ,4500 1 .612 25.086 0.0643
2.2000 .5500 0,,4500 3.652 25.032 0. 1459
2 . 2000 0,,4500 ,4500 7.659 25.015 0.3062
2 . 2000 ,3500 o ,4500 9.501 24 .998 0.3801
2.2000 0,,2500 0,.4500 8.676 24.978 0.3473
2.2000 0, , 1500 0,,4500 6 .955 24.947 0.2 788
2. 2000 0, 0500 0, , 4500 5.381 24.936 0.2158
2. 2000 -0,,0500 0,,4500 4 .221 24.934 0. 1693
2.2000 -0.
, 1500 0, 4500 3.536 24.930 0. 1418
2.2000 -0,,2500 0. 4500 2.861 2 4.913 0. 1149
2 . 2000 -0,,3500 0,,4500 2.539 24.914 0. 1019
2.2000 -0 , , 4500 0.,4500 n oo i 2 4 . °22 0.0891
999.99 999.99 999.99 999.99 999 .99 999.99
80

DATA FILE: HPP45 DATE : 27-FEB-87
,45' FROM TIP—POSITIVE HORIZONTAL LEG
1
<S YS ZS
.2000 .6500 . 4500
.1000 .6500 .4500
.0000 .6500 .4500
. 1000 ,6500 ,4500
.2000 ,6500 0..4500
.3000 ,6500 o,.4500
.4000 ,6500 0, . 4500
.5000 0,,6500 0,,4500
.6000 ,6500 0, , 4500
,7000 0,,6500 0, , 4500
.eooo , 6500 0, . 4500
,9000 0,.6500 0,,4500
1 ,0000 0,,6500 0,,4500
1 , 1000 0,,6500 0,,4500
1.,2000 0,,6500 0, , 4500
1,,3000 0,,6500 0,,4500




,6000 0,.6500 0, 4500
1
,
,7000 0,,6500 0. 4500
1.,8000 0,,6500 0, 4500
1,,9000 0, 6500 0, 4500
n
,0000 0. 6500 0. 4500
n
,1000 0, 6500 0, 4500
,2000 0. 6500 0. 4500
999.99 999.99 999.99
VLASF.R UFREE RATIO
23 . 101 25 .058 .9219
23 . 174 25 .053 .9250
23 .358 25 .052 .9324
23 7TT 25 .062 .9465
23 ,979 ._ wl ,071 .9564
24 , 455 25 .066 .9756
24 .855 . i i.075 .9912
25 ,341 25,.075 1 .0106
25 ,634 25,,074 1 .0223
")C
, ,894 25 .057 1 ,0334
26 , -t "> 7 °5 • 0S4 1 ,0456
26 ,496 '">c- ,074 1 ,056 7
26 ,612 25,,080 1 ,0611
26 ,643 25 ,086 1 ,0621
26 .679 25 ,079 1 ,0638
26 ,516 n 5 ,081 1 ,0572
26,,510 25,,078 1 ,0571
26,,431 25 .,085 1
,
,0537
26,,370 25. 082 1 ,0514
26, 068 °5 070 1 ,0398
25 « 674 25. 065 1
,
,0243
25. 310 25 . 068 1
.
0096
24, 787 ""> c- 063 0, 9890
24. 575 25. 066 0, 9804
24. 556 °5 . 073 0. 9794
999.99 999.99 999.99
DATA FILE: HMP45 DATE : 27-FEB-87
,45" FROM TIP—NEGATIVE HORIZONTAL LEG
xs YS ZS VLASER VFREE RATIO
9 ,2000 -0 , 4500 , 4500 25.866 25. 103 1 .0304
o
.1000 -0 ,4500 ,4500 25.979 25.080 1 .0358
->
.0000 -0 ,4500 0, , 4500 26. 124 25.082 1 .0415
1 .9000 -0 ,4500 ,4500 26.16] 25 . 0^9 1 .0431
1 ,8000 — .4500 ,4500 26.330 25.065 1 .0505
1 ,7000 -0
. 4500 0, , 4500 26.412 25.054 1 .0542
1,,6000 -0,,4500 .4500 26.604 25.049 1 .0621
1 .5000 -o,,4500 . 4500 26.810 25 . C 4S 1 .0703
1 .4000 -0 ,4500 , 4500 27.030 25.026 1 .0801
1 ,3000 -0 ,4500 . 4500 2 7.28 3 25.031 1 .0900
1 ,2000 . 4500 ,4500 27.631 15.032 1 . 1038
1 . 1000 -0 .4500 , 4500 27.988 25.021 1 . 1 186
1 ,0000 -0,.4500 ,4500 28.341 25 .020 1 . 1327
.9000 -0 ,4500 , 4500 28.795 1 . 1508
,8000 -0 ,4500 , 4500 29.309 25.010 1 . 1719
,7000 -0,,4500 , 4500 29.900 25.001 1 , 1960
,6000 -0, , 4500 . , 4500 30.446 25.008 1 ,2175
,5000 -0,,4500 0. , 4500 31 .060 25.008 1 ,2420
,4000 -0,,4500 0,,4500 31 .434 25.010 1 ,2569
o,.3000 -0, , 4 500 0,,4500 31 .486 25.008 1 ,2591
.2000
-o,,4500 0,,4500 31 .053 25.001 1 ,2421
0, , 1000 -0,.4500 0,,4500 30.010 24 .991 J ,2008
.0000 -0,.4500 0,,4500 28.6/8 24 .99 7 1 ,14 7 2
. 1000 -0 ,4'..,00 , 4500 27.430 24.990 1 ,0977
,2000 -0,, 4500 0,,4500 26.522 24 . o q 4 1 ,0611
999.99 999.99 999. 99 999.99 999.99 999.99
81

DATA FILE: VFF7 DATE : 25-FEB-87




0.2000 -0,,2500 0, , 7000
0.2000 -0, , 1500 0, , 7000
0.2000 -0,,0500 0,.7000
0.2000 0,,0500 0,,7000
0.2000 0, . 1500 0,,7000
0.2000 0. 2500 0,,7000











- 4 . 4 -1
2
24.921 -0. 1782
-1 .998 24.902 -0.0802
-0.492 24 .894 -0.0198
0.286 24.890 0.0115
0.583 24.870 0.0236
0.720 24 .869 0.0290
0.860 24.877 0.0346
999.99 999.99 999.99
DATA FILE: VMF7 DATE : 25-FEB-87
7* FROM TIP—NEGATIVE VERTICAL LEG
XS YS ZS VLASER YFREE RATIO
2 .2000 0,,6500 0.,7000 1 .679 24.996 0.0672
2.2000 0,,5500 ,7000 2.336 24.960 0.0936
2.2000 ,4500 ,7000 3.326 24 .970 0. 1332
2.2000 0,,3500 0,,7000 6.393 24.954 0.2562
2. 2000 ,2500 ,7000 6.713 24.947 0.2691
2. 2000 0, , 1500 0,,7000 6.403 24.937 0.2568
2.2000 0,,0500 0,,7000 5.810 24 .922 0.2331
2 . 2000 -0,,0500 ,7000 5.087 24 . 904 0.2043
2.2000 -0, , 1500 0,,7000 4.443 24.899 0. 1785
2.2000 -0,,2500 0,,7000 3.814 24 .894 0. 1532
2.2000 -0, 3500 o.,7000 3.329 24 .899 0. 1337
2.2000 -0. 4500 0,,7000 2.963 24.888 0. 1191
999.99 999.99 999.99 999.99 999 t 99 999.99
82

DATA FILE: HF'F'7 date: 26 -FEB-87
7" FROM TIP
XS YS zs VLASER VFREE RATIO
0.2000 6500 7000 22.802 25 116 .9079
0. 1000 6500 7000 22.787 25 109 .9075
0.0000 ,6500 .7000 22.913 25 .093 .9131
0.1000 6500 7000 23.306 25 084 .9291
0.2000 6500 .7000 23.638 25 075 .9427
0.3000 6500 7000 23.999 ->c 068 .9573
0.4000 6500 7000 24.432 25 071 .9745
0.5000 6500 ,7000 24.955 ~>c- 064 .9957
0.6000 6500 7000 25.367 25 067 1 .0120
0.7000 6500 7000 25.687 25 054 1 ,0253
0.8000 6500 7000 26.042 25 054 1 ,0394
0.9000 6500 7000 26.229 25 052 1 0470
1.0000 6500 7000 26.346 25 058 1 0514
1.1000 6500 7000 26.415 25 052 1 0544
1 .2000 6500 7000 26.499 25 039 1 0583
1 .3000 6500 7000 26.331 25 028 1 0520
1.4000 6500 7000 26.332 25 027 1 0522
1 .5000 6500 7000 26. 123 25 022 1 0440
1 .6000 6500 7000 26. 126 25 020 1 0442
1 .7000 6500 7000 25.852 25 018 1 0334
1.8000 6500 7000 25.580 25 024 1 0222
1 .9000 6500 7000 25. 189 25 015 1 0070
2.0000 6500 7000 24.694 ncri 020 9869
2.1000 6500 7000 24.319 25 008 9724
2.2000 6500 7000 24.324 25 007 9727
999.99 9<'9.99 999.99 999.99 999.99 999.99
DATA FILE: HMP7 DATE '. 27-FED-87
,7" FROMTIF--NEGATIVE HORIZONTAL LEG
;<S YS ZS
n
.2000 -0 .4500 .7000
n
. 1000 -0 .4500 7000
n
.0000 -0 .4500 .7000
i .9000 -0 ,4500 7000
i .3000 -0 ,4500 7000
i .7000 -0 ,4500 7000
i .6000 -0 4500 7000
i ,5000 -0 4500 7000
i .4000 -0 4500 7000
i 3000 -0 4500 7000
i 2000 -0 4500 7000
i 1000 -0 4500 7000
i 0000 -0 4500 7000
9000 -0 4500 7000
sooo -0 4500 7000
7000 -0 4500 7000
6000 -0 4500 o 7000
.5000 -0 4500 7000
4000 -0 4500 7000
,3000 -0 4500 7000
2000 -0 4 500 7000
1000 -0 4500 7000
0000 -0 4500 0. 7000
1000 -0 4500 7000
2000 -0 4500 0. 7000
999.99 999.99 999.99
VLASER VFREE RATIO
25 .959 25 .063 1 .0358
26 .034 TC .04 6 1 .0395
26 .253 25 .042 1 .0484
26 ,412 •")Cj .042 1 .0547
26 .597 J 5 .009 1 .0635
26 .751 25 . 022 1 .0691
26 971 25 021 1 .0780
27 192 25 on 1 .0872
27 409 25 000 1 .0963
27 701 25 018 1 . 1073
2^ 940 24 988 1 . 1181
28 25 4 24 990 1 1306
28 653 24 976 1 1474






30 24 v 7 1 . 21 20
30 911 24 961 1 2383
31 431 24 950 1 2618
32 026 24 962 1 2830
32 067 24 961 1 2345
31 6uiz> 24 971 1 2678
30 51 1 2 4 959 1 '> n "*) r
"
29 04 4 24 951 1 1641
27. 6 60 74 953 1 1085




DATA FILE: hf i c :
2" FROM TIP--POSITIVE HOP
<S YS ZS
.2000 .6500 L .2000
. 1000 .6500 L .2000
.0000 .6500 L .2000
.1000 .6500 L .2000
.2000 6500 : L .2000
.3000 6500 I .2000
.4000 6500 t .2000
.5000 6500 t .2000
.6000 6500 I .2000
,7000 6500 1 . .2000
.8000 6500 1 L .2000
9000 6500 I .2000
1 0000 6500 1 . .2000
1 1000 6500 1 .2000
1 2000 6500 1 .2000
1 3000 6500 1 .2000
1 4000 6500 3 .2000
1 5000 6500 1 .2000
1 6000 6500 1 .2000
1 7000 6500 3 .2000
1 8000 6500 3 .2000
1 9000 6500 1 .2000
2 0000 6500 1 .2000
n 1000 6500 1 .2000




.494 25 .067 .8974
00
.652 25 086 .9030
11
.498 25 089 .8967
~>~>
.844 25 099 .9102
23 271 25 105 .9269
23 724 25 119 .9445
n-> 863 25 116 .9103
17 973 25 126 .7153
25 219 25 143 1 .0030
25 445 n r 103 1 .0136
25 793 n«=" 107 1 .0273
26 054 25 120 1 .0372
26 255 25 140 1 .0444
26 283 25 130 1 .0459
26 501 25 147 1 0538
26 448 25. 149 1 0516
26 604 25. 152 1 0577
26 451 25. 152 1 0516
26 406 25. 160 1 0495
26 255 25. 156 1 0437
26 135 25. 160 1 0388
26 013 25. 173 1 0334
25 651 25, 166 1 0193
25 407 25, 179 1 0090
24 958 25. 171 9916
999.99 999.99 999.99
DATA FILE! HM1P2 DATE : 27-FEB-97
1.2' FROM TIP-- NEGATIVE HORIZONTAL LEG
xs YS ZS VLASER VFREE RATIO
1 ,2000 -0 4500 I .2000 26.018 25.055 I .0384
r*
, 1000 -0 4500 [ .2000 26.321 25.042 L .051 1
")
,0000 -0 4500 L .2000 26.674 25.041 t .0652
1 .9000 -0 4500 I . 2000 27. 125 25.050 L .0828
1 8000 -0 4500 I .2000 27.547 25.021 I . 1010
1 ,7000 -0 4500 t . 2000 27.967 25.016 I . 1 180
1 .6000 -0 4 500 I .2000 28.368 25.020 1 . 1338
1 .5000 -0 4500 : I .2000 28.864 25.004 I . 1544
1 .4000 -0 .4500 : L .2000 29.268 24.996 L . 1709
1 3000 -0 4500 3 I .2000 29.3^7 25.000 I . 1751
1 2000 -0 4500 : L .2000 29.565 2 '1.988 I . 1832
1 ,1000 -0 4 500 ] .2000 29.562 24.987 I . 1831
1 0000 -0 4500 3 .2000 29.55 4 24. "75 L . 1834
9000 -0 4500 .2000 29.594 24.975 . 1849
(•, 8000 -0 4500 .2000 29.680 24.969 1 . 18S6
7000 -0 4500 1 .2000 29.975 2 4 . 9 7 3 3 .2003
6000 -0 4500 1 .2000 30.460 24.966 ] . .2201
5000 -0 4500 i .2000 30.932 24.972 : . .2387
4000 -0 4500 1 .2000 31 .433 21.966 1 . .2590
,3000 -0 4500 3 .2000 31 .651 24.966 3 .2678
.2000 -0 4500 3 .2000 31 .385 24.966 1 L .2571
1000 -0 4500 3 . .2000 30.380 24.959 3 ~> j y~>
,0000 -0 4500 3 . . 2000 29.033 24.962 3 . 1631
1000 -0 4500 3 . .2000 27.631 24.951 3 . . 1094
,2000 -0 4500 3 .2000 26.636 24.943 3 .0679
999. 90 999.99 ?99.99 999.99 999.99 c^99.99
84

DATA FILE: VP1P2 DATE:25-FEB-87
1.2" FROM TIP—POSITIVE VERTICAL LEG
xs YS zs
0.2000 -0 4500 L .2000
0.2000 -0 3500 L .2000
. 2000 -0 2500 L .2000
0.2000 -0 1500 I .2000
0.2000 -0 0500 L .2000
0.2000 0500 L .2000
0.2000 1500 : L .2000
0.2000 2500 J L .2000
0.2000 3500 1 L .2000
0.2000 4500 ] .2000
0.2000 5500 1 .2000




-8. 158 25.001 -0.3263
-9.343 24 .970 -0.3742
-9.779 24 .399 -0.3927
-8.550 24 .879 -0.3437
-5.763 24.870 -0.2317
-3.00 2 24.853 -0. 1208
-1 .217 24 .850 -0.0490
-0. 268 24 .840 -0.0108
0.208 24 .944 0.0084
0.498 24 . 846 0.0200
0.725 24.844 .0292
999.99 999.99 999.99
DATA FILE: VM1P2 DATE '. 25-F EB-87
1.2' FROM TIP--NEGATIVE VERTICAL LEG
XS YS ZS VLASER VFREE RATIO
2.2000 0.6500 I .2000 -0.034 25.026 -0.0013
2.2000 0.5500 L .2000 -0.632 25.021 -0.0252
2.2000 0.4500 I .2000 0. 118 24.955 0.0047
2.2000 0.3500 : L .2000 0.893 24.935 0.0358
2.2000 0.2500 [ .2000 4 . 407 24.930 0. 1768
2. 2000 0.1500 1 I .2000 3.826 24.909 0. 1536
2.2000 0.0500 1 L .2000 5.424 24.931 0.2176
2.2000 -0.0500 i I .2000 5.449 24.946 0.2185
2.2000 -0.1500 1 t .2000 4.875 24.951 0. 1954
2.2000 -0.2500 I .2000 4.521 24 .952 0. 1812
2.2000 -0.3500 L .2000 4.233 24 . 966 0. 1695
2.2000 -0.4500 I .2000 3. 781 24.964 0. 1515













— ( a ) -
pu r = c L <
1/ pu 2 s)
r-c L<^us)





^L ! Coe-f -f i c i en t o-f lift nond i men 5 1 on a ' > 1 e d as shown
in third equa t i on
.
Plan-form area o-f -fin.
Spanwise integration o-f circulation across -fin.
i : Circulation non-di mens 1 on a 1 1 zed or. -f r ee s t re am
velocity and maximum body diameter.
s : Span o-f -fin.
?!
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and moments on, and velo-
city about a body of re-
volution with an attached






and moments on, and velo-
city about a body of re-
volution with an attached
fin at angles of attack.

